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FOREWORD 


This  report  was  prepared  by  the  Battelle  Memorial  Institute  under 
USAF  Contract  No.  AF  33(6l6)-476.  The  contract  was  initiated  under 
Research  and  Development  Order  No.  R-617-12  "Compounding  of 
Elastomers",  and  was  administered  under  the  direction  of  the  Materials 
Laboratory,  Directorate  of  Research,  Wright  Air  Development  Center, 
with  Mr.  D.  L.  Byerley  acting  as  project  engineer. 
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ABSTRACT 


Research  toward  the  development  of  rubber  compounds,  to  be  used 
in  connection  with  a diester-type  lubricating  oil  (Turbo  Oil-15)  for  long 
term  exposure  at  350  to  550  F,  is  described  in  this  report.  The  evaluation 
of  experimental  compounds  was  confined  to  one  temperature  (350  F).  At 
this  temperature,  the  most  promising  results  were  obtained  with  compounds 
prepared  from  an  acrylate  polymer,  Hycar  4021,  compounded  with  Siiene  EF. 
The  best  composition  of  this  type  fell  short  of  the  target  requirements  only 
because  of  about  6 per  cent  excessive  swelling.  Another  acrylate-type 
rubber,  Acrylon  EA-5,  shows  about  equal  promise  for  this  application. 

Compounds  of  a butadiene-acrylonitrile  copolymer  (Hycar  1001) 
shewed  promise,  except  that  they  cracked  badly  when  aged  in  Turbo  Oil-15 
at  350  F.  EL«C  Magnesia  was  the  best  reinforcing  agent  used  with  this 
polymer.  Variations  in  the  antioxidant  and  vulcanizing  system  provided 
only  slight  improvement  in  crack  resistance.  The  chief  weakness  of  this 
polymer  is  the  vulnerability  of  its  double  bonds  to  oxidation. 

The  emphasis  of  future  research  on  this  project  will  be  directed 
toward  compounding  acrylate-type  rubbers,  including  poly-1,  1- 
dihvdroperfluorobutyl  acrylate,  and  in  'v.  eking  methods  for  protecting  the 
douMe  bonds  of  acrylonitrile-type  rubber. 


PUBLICATION  REVIEW 


This  report  has  been  reviewed  and  is  approved. 


FOR  THE  COMMANDER: 


M.  E.  Sorte 
Colonel,  USAF 
Chief,  Materials  Laboratory 
Directorate  of  Laboratories 
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INTRODUCTION 


Because  of  increased  speeds  and  power  requirements,  it  has  become 
necessary  to  increase  the  operating  temperature  in  aircraft  lubricating  and 
hydraulic  svste  "is.  With  this  temperature  increase,  present  fluids  are  not 
satisfactory,  and  it  has  bean  found  necessary  to  use  ester-type  lubricants 
of  the  MIL-L-7'3^8  type  (such  as  Turbo  Oil-15)  and  ester-type  hydraulic 
fluids  (such  as  California  Research  No.  52742R  silicate  ester  base  fluid). 
These  esters  in  combination  with  high  temperatures  have  been  found  to  be 
very  harmful  to  rubber  component  parts. 

This  project  has  been  set  up  with  two  objectives.  The  first  is  the 
development  of  a rubber  composition  which  will  withstand  MIL-L-7808 
lubricants  for  at  least  500  hours  at  350  F.  The  second  objective  is  the 
development  of  a ~ub'  er  which  will  withstand  ester-type  hydraulic  fluids  at 
400  to  550  F.  Minimum  target  properties  for  these  compounds  are  given  in 
Appendix  A-. 

Several  approaches  to  the  problem  also  are  listed  in  Appendix  A.  The 
most  obvious  or",  which  has  received  major  effort,  is  a complete  evaluation 
of  commercially  available  polymers  and  blends  of  these  polymers.  Limited 
work  also  was  dcre  to  evaluate  high-temperature  antioxidants,  study  unique 
curing  systems  especially  desig?  cd  for  high-temperature  applications,  and 
determine  the  effect  of  oil  additives  which  may  inhibit  rubber  deterioration. 

Earlier  work  by  Wright  Air  Development  Center  and  others  narrowed 
the  field  of  commercial  polymers  suitable  for  this  application  to  three  types. 
Acrylonitrile-butadiene  copolymers  (such  as  Hycar  1001)  are  known  to  have  a 
high  degree  of  oil  resistance  and  appear  promising,  though  susceptible  to 
cracking  when  aged  in  oil  at  350  F.  Acrylate  polymers  (such  as  Hycar  4021) 
are  reported  to  have  outstanding  resistance  to  dry  heat,  though  they  tend  to 
swell  excessively  in  hot  oil. 

lu  addition  to  these  two  commercial  polymers,  there  was  one  experi- 
mental rubber  which  had  shown  promise  for  this  application.  This  rubber 
is  known  as  FLA  polymer  (poly-1,  1 -dihydroperfluorobutyl  acrylate).  It 
was  developed  by  the  Minnesota  Mining  and  Manufacturing  Company  for 
WADC  and  found  to  meet  all  the  minimum  target  specifications  for  use  in 
Turbo  Oil-15  at  350  F.  No  work  has  yet  been  done  with  this  polymer  at 
Battelle  because  it  is  quite  expensive  and  not  readily  available.  However, 
a sample  has  just  been  obtained  and  it  is  planned  to  study  it  in  some  detail 
for  comparative  purposes. 
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EXPERIMENTAL  SECTION 


Equipment  and  Procedures 


Equipment 

At  the  beginning  of  this  program,  oil  aging  was  conducted  in  a 
circulating -air  oven  operating  at  a temperature  of  3i0  F.  This  method  of 
aging  was  not  too  satisfactory,  so  an  aluminum-block  heating  unit  was  con- 
structed to  provide  a more  uniform  heat  source  and  to  Increase  safety  and 
convenience.  Sketches  of  the  construction  and  control  system  employed 
may  be  found  in  Appendix  B (Figures  1,  2,  and  3).  The  holes  shown 
in  the  block  were  drilled  to  fit  38  x 200-mi  test  tubes. 

The  block  is  heated  by  a combination  of  continuous  and  intermittent 
heaters  so  that  the  continuous  heat  supplied  is  just  sheet  of  V-hat  required 
to  attain  the  desired  temperature.  This  unit  is  set  to  hold  a temperature 
of  350  ± 2 F.  but  it  has  operated  satisfactorily  at  500  F.  Another  unit, 
essentially  the  same  as  the  one  described,  except  for  slight  modifications 
in  the  contr  ol  system,  was  constructed  and  is  in  operation. 


Procedures 


Sample  Preparation.  ASTM  Procedures  D15-52T  and  B412-51T  were 
followed  in  the  mixing,  curing,  and  preparation  of  individual  dumbbell -type 
specimens  used  for  testing. 


Hot-Air  Aging.  The  aging  of  dumbbell-tvpe  specimens  was  con- 
ducted in  accordance  with  ASTM  Procedure  D573-52.  Samples  were  aged 
at  350  F in  a circulating-air  oven.  Specimens  were  suspended  on  a 
Chromel  A wire,  using  glass-bead  spacers. 


Hot-Oil  Aging.  The  original  hot-oil-aging  procedure  consisted  of 
suspending  three  dumbbe’l-type  specimens  from  the  same  stock  on  a 
Chromel  A wire  in  a 200-ml  test  tube  containing  140  ml  of  Turbo  Oil-15. 
The  top  of  the  test  tube  was  closed  with  an  aluminum -foil-covered  cork 
stopper.  The  seal  was  made  sufficiently  tight  to  prevent  excessive  vapor 
loss,  but  insufficient  to  provide  an  air-tight  seal.  These  test  tubes  were 
held  upright  in  a metal  rack  and  placed  in  a circulating-air  oven. 


Certain  modifications  of  this  procedure  were  necessary  (1)  to  provide 
more  realistic  aging  conditions,  (2)  to  provide 
and  (3)  to  increase  safety  and  convenience. 


The  modified  aging  procedure  consisted  of  suspending  three  dumbbell 
specimens  from  the  same  stock  on  a glass-rod  hanger  which  overlapped  the 
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top  of  a 38  x ZOO -ml  test  tube.  Then  140  ml  of  Turbo  011-15  was  add^  and 
the  tube  covered  with  an  inverted  Petri  dish.  The  cover  fitted  loosely  and 
permitted  the  entrance  of  air  into  the  test  tube.  The  tube  then  was  positioned 
in  a hole  in  the  aluminum  block  and  heated  at  350  F for  the  specified  time. 

At  the  end  of  the  aging  period,  the  tubes  were  removed  from  the  aluminum 
block  and  allowed  to  cool  for  one  hour.  The  rubber  samples  were  then  re- 
moved from  the  oil,  dipped  quickly  in  acetone  to  remove  oil  from  the  sur- 
face, and  tested. 

Aging  tests  have  shown  that  a high  degree  of  reproducibility  of  results 
is  obtained  by  this  modified  procedure. 

Determination  of  Physical  Properties.  Hardness  was  determined  by  a 
Shore  Durometer  (A2)  according  to  ASTM  Procedure  D314-52T. 

The  stress-strain  properties  of  rubber  specimens  were  determined 
with  a Scott  Tensile  Tester,  Model  L6,  run  at  a speed  of  20  inches  per 
minute.  Specimens  were  cut  with  Die  C,  ASTM  Procedure  D412-51T. 

Swell  was  determined  by  the  formula 

v.Mz(w,-w;)xl00j 


where 

Wj  a initial  weight  in  air 
W p * initial  weight  in  water 
W 3 = weight  in  air  after  immersion  test 
W < m weight  in  water  after  immersion  test 
V * percentage  change  in  volume. 

For  the  major  part  of  this  project,  weighing  of  samples  for  swell 
determinations  was  done  on  an  analytical  balance.  Since  this  was  quite 
slow  and  time  consuming,  a Kraus -Jolly  balance  was  obtained,  which  saved 
about  half  the  time  required  to  determine  the  amount  of  swell.  A compari- 
son of  the  two  methods  showed  that  swelling  was  about  one  per  cent  lower 
when  determined  by  the  Kraus -Jolly  balance  than  vhvsn  determined  by  the 
analytical  balance.  Thus,  the  Kraus-Jolly  balance  was  considered  to  be 
sufficiently  accurate  for  preliminary  screening  tests  on  this  program. 

The  degree  of  cracking  was  rated  by  visual  observation  of  1 x 1 -inch 
specimens  flexed  180  degrees.  Degree  of  cracking  was  reported  as  (l)  no 
cracking,  (2)  crazing,  or  (3)  cracking. 

Compression  Set  in  Turbo  Oil-15.  Compression  set  of  vulcanized 
rubber  is  determined  by  ASTM  Method  D395-52T.  In  this  method,  the  test 
sample  is  placed  in  a compression  device  and  compressed  under  constant 
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load,  or  constant  deflection.  The  assembly  is  then  placed  in  a circulating- 
air  oven  for  a suitable  time  and  temperature.  At  the  end  of  the  heating 
p riod,  the  sample  is  removed  and  compression  set  determined. 

This  project,  however,  requires  that  the  compressed  sample  be  aged 
in  hot  Turbo  Oil.  Therefore,  some  deviations  from  the  ASTM  test  are 
necessary.  These  are  discussed  in  the  following  paragraphs. 

Since  the  compression  set  :.s  oemg  uc.cnriincu  m hut  Turbo  uii,  a 
compression  device  was  designed  (Figure  4)  which  fits  inside  the 
75  x 200-ml  test  tubes  used  for  aging.  By  this  means,  the  aluminum-block 
heaters  can  be  used  for  the  compression-set  test.  For  simplicity,  the 
device  was  designed  for  constant  deflection.  Six  samples  can  be  tested 
simultaneously. 

The  ASTM  test  is  made  on  a cylindrical  disk  1.  129  inches  in  rt*9.rr  - 
eter  and  0.  5 inch  thick.  If  a solid  piece  is  not  available,  a maximum  of 
seven  thin  disks  can  be  plied  together  to  obtain  the  required  thickness. 

As  this  diameter  was  too  great  for  use  in  the  prescribed  test  tube,  a 
smaller  test  specimen  had  to  be  used.  It  was  decided  that  the  ratio  of  the 
height  to  diameter  should  be  the  same  as  that  of  the  ASTM  test  specimen. 
Consequently,  a test  specimen  0.  50  inch  in  diameter  and  0.  225  inch  iu 
thickness  was  used.  The  proper  thickness  was  obtained  by  plying  up  three 
disks  cut  from  the  standard  0.  075-inch  tensile  sheets.  The  test  procedure 
is  as  follows: 

(1)  Disks  are  cut  from  0.075-inch  tensile  sheets  and 
plied  up,  using  a total  of  three  disks.  Total 
thickness  of  the  sample  is  determined  to  the 
nearest  0.001  inch. 

(2)  The  test  specimens  are  then  placed  between  the 
plates  of  the  compression  device  along  with  spacers 
and  the  assembly  tightened.  The  amount  of  initial 
compression  on  the  samples  depends  upon  hardness 
and  is  determined  from  the  following  table  (from 
ASTM  Method  D395-52T): 

Deflection,  per  cent 
Durometer  Hardness  of  original  thickne s s 

l through  44  40 

45  through  64  30 

65  through  84  25 

85  and  over  20 

(3)  The  assembly  is  then  placed  in  a test  tube.  The  tube 
is  filled  with  Turbo  Oil- 15  and  placed  in  the  aluminum- 
block  heater.  Preliminary  work  includes  aging  the 
samples  for  72  and  168  hours  at  350  F. 
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(4)  At  the  end  of  the  test  period,  the  samples  are  allowed 
to  cool  in  air  for  30  minutes. 


(5)  Final  thickness  is  determined  to  the  nearest  0.001  inch 
and  the  compression  set  is  determined  from  the  following 
formula: 


Per  cent  compression  set  * 


to 


100, 


wuei  ? 


tQ  - initial  Thickness 

t^  = final  thickness  after  cooling  for  30  minutes. 


C impounding  Studies  With  Nitrile-Type  Rubber 


Preliminary  Compounding  Studies 


Initial  screening  studies  were  conducted  with  Hycar  1001,  a copolymer 
of  acrylonitrile  and  butadiene,  to  explore  some  of  the  factors  which  might 
influence  the  stability  of  this  rubber  at  330  F. 

The  results  of  these  preliminary  tests,  shown  in  Tables  2 and  3, 
disclosed  that  both  carbon  black  and  plasticizers  impair  the  aging  qualities 
of  Hycar  1001.  In  addition,  it  was  observed  that  AgeRite  Powder,  a con- 
ventional antioxidant,  was  totally  ineffective  in  improving  the.  aging  of  this 
rubber  at  350  F . 

\ 

Efforts  at  Battelie  to  reproduce  the  outstanding  aging  results  obtained 
by  the  United  States  Rubber  Company  on  their  Recipe  No.  40513-B  were 
unsuccessful.  Failure  to  duplicate  these  .esuits  was  believed  to  be  due  to 
differences  in  aging  procedure,  rather  than  to  possible  differences  in  com- 
pounding techniques;.  The  aging  at  United  States  Rubber  Company  was  con- 
ducted in  air-tight  glass  containers,  in  contrast  to  containers  at  Battelie 
which  permitted  air  to  enter.  The  deleterious  effect  of  air  on  the  aging  of 
rubber  has  been  well  established,  and  is  discuss  d jn  a later  section  of  this 
report. 


It  was  evident  from  data  obtained  early  in  this  research  program  that 
both  the  compounding  of  rubber  and  the  method  of  aging  were  of  primary 
concern-  Since  it  was  apparent  that  all  of  the  comppunding  ingredients 
incorporated  into  the  rubber  could  be  expected  to  influence  its  performance 
at  350  F,  an  extensive  search  was  initiated  to  find  materials  which  would 
retard  the  deterioration  of  the  rubber  at  elevated  temperatures.  The 
problem  of  establishing  a realistic  and  reproducible  aging  procedure  was 
solved  satisfactorily  by  the  construction  and  installation  of  an  ai”minum- 
block  heater,  which  was  described  in  detail  earlier  in  this  report. 
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" iller s on  Nitrile-Type  Rubber 


Effect  of  V&rie 


Carbon  Black.  Numerous  studies  have  confirmed  that  carbon  black 
dees  not  appear  suitable  for  use  in  Hycar  1001  compounds  designed  for  high- 
tempe nature  applications. 

Initial  investigations  of  the  effect  of  carbon  black  indicated  that  normal 
amounts  (e.g.,  HAF  black  in  a concentration  of  40  to  80  phr,  where  phr  is 
an  abbreviation  for  parts  per  ICC  parts  rubber)  produced  vulcanizates 
possessing  poor  oil-aging  properties.  The  strong  tendency  for  these  com- 
positions to  crack  during  the  early  stages  of  oil  aging  was  attributed  to 
carbon  black.  This  was  borne  out  in  a later  study  (Table  4),  in  which  the 
carbon  black  level  was  reduced  to  25  phr.  The  crack  resistance  of  these 
compounds  was  improved,  but  at  the  expense  of  an  appreciable  loss  in 
tensile  strength,  both  before  and  after  aging. 

Further  evidence  of  the  undesirability  of  employing  carbon  black  in 
heat-resistant  b.’ycar  1001  stocks  was  shown  in  a study  in  which  both 
magnesia  and  carbon  black  were  employed  as  fillers.  The  results  of  this 
study,  shown  in  Table  5,  reveal  that  the  tensile  strength,  elongation, 
hardness,  and  crack  resistance  cf  these  vulchnizates  were  progressively 
poorer  as  the  percentage  of  carbon  black  was  increased. 

In  addition  to  the  unsatisfactory  performance  of  stocks  containing 
c&rbor.  black,  there  are  other  factors  which  indicate  that  carbon  black  is  not 
suitable  for  reinforcing  rubber  compounds  exposed  to  high  temperatures.  It 
is  known  that  carbon  blacks  adsorb  oxygen,  have  catalytic  properties,  arv' 
partially  volatilize  at  temperatures  as  low  as  250  F.  These  factors  sugg„.,S 
that,  at  350  F,  carbon  black  might  prove  decidedly  detrimental  when  used 
as  a reinforcing  agent  for  rubber.  The  general  view  that  carbon  black  does 
not  appear  desirable  for  use  in  rubber  compositions  exposed  to  elevated 
temperatures  is  shared  with  others  who  have  conducted  investigations  along 
this  same  line. 

Zinc  Oxide  and  Magnesia.  Since  results  obtained  with  carbon  black 
were  not  encouraging,  consideration  was  given  to  the  possible  use  of  non- 
black  fillers.  This  general  class  of  fillers  is  usually  considered  to  have 
poorer  reinforcement  properties  in  rubber.  However,  in  the  present  appli- 
cation,' considerable  sacrifice  can  be  made  in  initial  properties  if  better 
aged  properties  can  be  attained. 

The  results  obtained  by  employing  unusually  high  levels  of  zinc  oxide 
and  magnesia,  which  are  commonly  used  only  in  nominal  amounts  as  acti- 
vators, are  shown  in  Table  6.  Zinc  oxide  has  been  used  in  rubber  at 
loading  levels  up  to  100  phr  to  produce  stocks  with  good  air-agiu,j  properties 
(New  Jersey  Zinc  Oxide  Company,  The  Activator,  Vol  9,  No.  1,  March, 
1949),  but  its  use  at  this  high  level  in  stocks  designed  for  both  heat  and  oil 
resistance  does  not  appear  promising.  Neither  of  these  pigments  at  the 
activation  level  of  5 phr  in  a nonreinforced  stock  was  effective,  either  in 

WADC  TR  54-190  6 


y 


? 


1 t 


t&iua  tUMl  ifc 


producing  satisfactory  initial  properties  or  in  retaining  these  properties 
after  aging.  However,  when  magnesia  was  employed  at  a level  of  100  phr, 
a remarkable  improvement  in  both  original  and  oil-aged  properties  was 
obtained.  Additional  compounding  with  this  filler  (Table  6)  disclosed  that 
optimum  aging  characteristics  are  attained  at  the  100  phr  leading  level 
(Compound  A-23). 

Although  Compound  A-23  evidenced  cracking  after  aging  for  7 days  in 
Turbo  Oil-15  at  350  F,  it  met  all  of  the  other  minimum  target  specifications 
at  the  end  of  this  aging  period.  On  this  basis,  it  was  sei.  ted  as  the  standard 
recipe  for  future  compounding  studies.  Unfortunately,  this  composition 
possesses  poor  processing  characteristics.  S’dght  modifications  in  the 
formulation  afford  easier  processing,  but  <u  the  expense  of  hot-oil -aging 
qualities. 

Other  Nonblack  Fillers.  On  the  basis  of  the  excellent  aging  results 
obtained  with  magnesia,  exploratory  studies  were  made  cf  several  other 
uonblack  fillers.  These  studies  were  of  a screening  nature,  and  attempt 
was  made  to  determine  the  optimum  loading  level  or  to  adjust  the  basic 
recipe  to  show  these  pigments  to  best  advantage.  Although  these  adjust- 
ments would  probably  enhance  the  aging  characteristics,  improvements 
which  can  be  made  in  this  direction  appear  to  be  rather  limited,  even  for 
the  more  promising  of  these  materials. 

As  indicated  in  Table  8,  none  of  these  pigments  imparted  the 
excellent  balance  of  oil -aged  properties  exhibited  by  magnesia-filled  com- 
pounds. In  general,  these  fillers  produced  vulcanizates  which  lacked  a 
proper  balance  of  tensile  strength  and  elongation,  and  displayed  poor  crack 
resistance. 


Effect  of  Curing  System  on  Nitrile  -Type  Rubber 

The  emphasis  of  this  phase  of  the  compounding  program  has  been  on 
low-sulfur  and  nonsulfur  curing  systems,  since  stocks  containing  low  levels 
of  availr.ble  sulfur  frequently  have  been  reported  in  the  literature  as 
possessing  good  aging  characteristics.  Although  curing  studies  to  date  have 
net  exhausted  all  of  the  various  types  of  vulcanizing  agents,  it  is  evident 
from  the  data  that  none  has  been  found  whic  h pre  duces  outstanding  aging 
properties.  In  most  cases,  the  aged  physical  properties  were  in  the  same 
range,  regardless  of  the  curing  agents  employee1.. 

An  investigation  of  several  acceiejraloi  s cf  the  tiiiuram  type  (Table  9), 
a class  reported  to  give  excellent  aging  characteristics,  disclosed  a 
distinct  difference  between  tiiiuram  monosulfides  (Monex  and  Pentex)  and 
thiuram  polysulfides  (Tetrone  and  Tuex).  The  initial  properties  of  the 
monosulfides  were  distinctly  lower  than  those  of  the  polysuliides,  presumably 
because  (1)  more  sulfur  is  available  for  vulcanisation  from  the  latter,  and 
(2)  the  rate  of  vulcanization  should  be  faster  in  the  presence  of  the  greater 
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amount  of  sulfur.  The  apparent  unclercures  obtained  with  the  monosulfides 
account  for  the  illusion  that  stocks  vulcanized  with  them  show  better  reten- 
tion of  tensile  strength  but  suffer  a greater  loss  in  elongation  upon  aging. 

It  can  be  assumed  that,  at  the  aging  temperature  of  350  F,  the  monosulfide 
stocks  continue  to  vulcanize  and  pass  through  a maximum  in  tensile  strength 
around  2000  psl  or  greater,  and  that  this  is  accompanied  by  a decline  in 
elongation  to  about  the  same  range  as  that  of  the  polysulfide  stocks.  Among 
the  cures  obtained  solely  with  a th’uram,  the  poorest  aging  results  were 
obtained  with  the  higher  loading  of  tne  tetrasulfide  (Tetron;),  as  judged  by 
the  product’ s greater  loss  in  elongp.tion  after  168  hours  of  hot-oil  aging. 

It  is  int.  asting  to  note  that,  even  though  the  thiuram  monosulfide 
stocks  appear  greatly  undercured,  they  swelled  no  more  than  more  fully 
cured  vulcanizates  obtained  with  thiuram  polysulfides.  However,  this 
should  not  be  taken  as  an  indication  that  a good  method  of  prolonging  the 
useful  life  of  stocks  for  this  application  is  to  grossly  undercure  them.  It 
is  well  known  that  when  an  insufficient  number  of  cross  links  are  formed 
during  vulcanization,  the  vulcanizate  has  less  resistance  to  swelling. 

Since  the  aging  temperature  is  above  the  curing  temperatures  commonly 
employed,  and  with  vulcanization  certainly  continuing  during  aging,  there 
is  little  hope  of  extending  the  life  of  the  rubber  for  a period  longer  than  the 
time  the  cure  was  shortened,  an  insignificant  gain  for  the  risk  involved. 

The  results  of  evaluating  several  other  low-sulfur  and  nonsulfur  cur- 
ing systems  in  a magnesia-filled  stock  are  shown  in  Table  10. 

In  the  sulfur -containing  systems,  a tighter  cure  (as  evidenced  by  a 
greater  tensile  strength)  was  obtained  with  higher  concentrations  of  available 
sulfur.  However,  this  had  no  beneficial  effect  on  the  physical  properties  of 
these  vulcanizates  after  they  were  hot-oil  aged  for  7 days. 

The  incorporation  of  sulfurless  Curatives  (such  as  calcium  oxide, 
cadmium  oxide,  litharge,  and  dinitrobenzene)  produced  vulcanizates  with 
aging  properties  similar  to  those  obtained  with  sulfur,  but  none  that  were 
better. 

The  examination  f several  peroxide -cured  compounds,  supplied  by 
the  B.  F.  Goodrich  Chemical  Company,  revealed  that  these  vulcanizates 
were  unsatisfactory  for  use  at  350  F.  The  physical  properties  of  these 
compositions  were  extremely  peer  after  only  3 days'  hot-oil  aging,  as  can 
be  seen  in  Table  11. 

From  the  data  obtained  from  these  curative  studies,  it  appears  un- 
likely that  any  significant  improvement  in  the  aging  characteristics  of 
butadiene -acrylonitrile  copolymers  can  be  achieved  by  selective  choice  of 
type  and  amount  of  curing  agent.  Thi3  is  in  direct  contrast  to  curative 
studies  with  acrylate  polymers,  which  show  that  the  curatives  have  a direct 
influence  on  the  aging  qualities  of  this  type  of  rubber. 
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Effect  of  Antioxidants  on  Nitriie-Type  Rubber 


Extensive  efforts  have  been  directed  toward  finding  a means  of  re- 
tarding or  preventing  the  oxidation  of  nitrile  rubber,  which  results  in 
cracking.  Studies  in  this  area  have  included  (1)  an  evaluation  of  commer- 
cial and  experimental  antioxidants,  (2)  an  investigation  of  the  effect  of  high 
levels  of  antioxidants,  and  (3)  a study  of  the  desirability  of  adding  anitioxi- 
dant  to  rubber,  oil,  and  both.  Only  very  meager  improvements  in  crack 
resistance  were  obtained  as  a result  of  these  studies. 

Evaluation  of  Normal  Amounts  of  Various  Antioxidants.  The  effective- 
ness of  several  commercial  and  experimental  antioxidants  in  a carbon  black- 
filled Hycar  1001  formulation  is  illustrated  in  Table  12.  Inspection  of  the 
aging  data  re  zeals  that  none  of  the  conventional  antioxidants  imparted 
significant  improvement  in  aging  characteristics,  although  Parazone, 

Fiectol  H,  and  PDA-10  appear  slightly  more  effective  than  the  others  in 
retarding  cracking. 

The  experimental  antioxidants  included  materials  used  as  (1)  short- 
stopping  agents  in  emulsion  polymerization  and  (2)  sequestering  agents. 

Since  a considerable  number  of  undesirable  cross  links  are  formed  during 
the  aging  of  rubber,  as  demonstrated  most  dramatically  by  the  decline  in 
elongation,  it  was  thought  that  materials  which  tend  to  limit  and/or  stop 
polymer  growth  might  likewise  block  the  formation  of  undesirable  cross 
links  during  aging.  A number  of  the  compounds  selected  for  this  study  were 
phenolic  in  nature.  Some  commercial  antioxidants  fit  into  this  general  class 
of  organic  compounds,  and  a number  of  derivatives  of  this  type  have  been 
used  as  antioxidants  for  oil.  In  fact,  some  have  been  used  as  antioxidants 
for  diester  oils  [Atkins,  Baker,  Murphy,  and  Zisman,  Ind.  Eng.  Chem. , 

39,  491  (1947)],  and  might  be  present  in  Turbo  Gii-15.  Aging  results 
disclosed  that,  although  these  experimental  materials  were  not  effective 
antioxidants  at  350  F,  they  were  as  efficient  as  the  conventional  antioxidants. 
Pyrogallol  a..d  t-butyl  catechol  appeared  more  efficient  than  the  others  with 
respect  to  improving  crack  resistance. 

Similar  results  (Table  13)  were  obtained  with  phenolic -type  com- 
pounds in  the  standard  magnesia-filled  stock  used  in  this  investigation,  i.  e.  , 
aging  properties  vere  not  significantly  influenced  by  the  inclusion  of  these 
antioxidants  in  the  formulation. 

It  is  interesting  to  note  that  th<.  o.  ly  property  apparently  affected  by 
any  of  the  antioxidants  in  these  compounds  was  an  improvement  in  crack 
resistance,  but  even  this  was  too  slight  to  be  significant. 

The  effect  of  possible  synergistic  combinations  of  antioxidants  on  thi 
aging  qualities  of  a magnesia-containing  compound  was  investigated.  It  was 
hoped  that  greater-than-additive  protection  would  be  afforded  by  employing 
more  than  one  type  of  antioxidant.  However,  as  indicated  in  Table  13,  no 
additional  protection  against  degradation  was  provided  by  the  two  combina- 
tions of  antioxidants  examined. 
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The  results  of  evaluating  several  types  of  vinyl  stabilizers  as 
antioxidants  in  a Hycar  1001  formulation  are  shown  in  Table  14. 

Stabilizers  are  used  for  many  purposes  in  polyvinyl  chloride.  Some  act  as 
mild  acceptors  for  hydrogen  chloride,,  others  prevent  polyene  formation  by 
a Diels -Alder  reaction  with  the  polymer  chain,  and  still  others  reduce  free 
radical  formation  (which  otherwise  would  transfer  energy  for  oxidation  of 
polymer  chains  at  double  bonds).  Although  the  heat  degradation  of  nitrile 
rubber  occurs  in  a different  fashion  than  that  of  polyvinyl  chloride,  it  was 
considered  possible  that  some  of  the  stabilizers  for  PVC  might  be  effective 
high-temperature  antioxidants  for  rubber  through  some  of  their  unique 
properties. 

Only  one  stabilizer,  known  as  Stabilizer  A-5  (an  epoxy-type  compound) 
imparted  any  significant  improvement  In  aged  physical  properties.  The  com 
position  containing  this  stabilizer  possessed  better  tensile  strength  and 
elongation  than  the  control  containing  no  antioxidant.  However,  this  ma- 
terial, like  the  others,  contributed  little  to  crack  resistance. 

High  Concentration  of  Antioxidants.  A study  was  conducted  to  deter- 
mine if  larger  amounts  (10  and  15  phr)  of  antioxidant  than  are  usually 
employed  would  supply  added  protection  for  the  rubber  against  deterioration. 
Three  of  the  more  effective  antioxidants  were  selected  for  this  study 
(pyrogallol,  o-cresol,  and  AgeRite  Resin  D). 

As  indicated  in  Table  15,  the  only  significant  improvement  in  hot- 
oil  aging  propert.es  was  obtained  when  large  amounts  of  AgeRite  Resin  D 
were  employed.  Elongation  and  tensile  strength  were  improved  in  this  case, 
hut  cracking  was  not  retarded. 

These  data  indicate  that  it  is  doubtful  if  satisfactory  improvement  in 
aging  properties  can  be  attained  solely  by  adding  large  concentrations  of 
conventional  antioxidants  to  the  rubber. 

Adding  Antioxidant  to  Rubber,  Oil,  and  Both.  Attention  was  given  to 
the  problem  of  whether  more  protection  of  the  rubber  could  be  oMained  by 
adding  antioxidant  to  the  rubber,  oil,  or  both.  Although  it  is  customary  to 
add  antioxidant  only  to  rubber,  it  was  thought  that  certain  advantages  might 
be  gained  by  adding  antioxidant  to  .the  oil  as  well.  Antioxidant  added  to  the 
oil  might  be  effective  in  inhibiting  oxidation  at  the  oil-rubber  interface.  It 
also  was  thought  possible  that  antioxidants  might  retard  the  formation  of 
degradation  products  from  the  oil  and  thus  prevent  their  possible  harmful 
effects  on  the  rubber. 

Table  16  presents  data  obtained  from  hot-oil  aging  tests  in  which 
antioxidant  was  anded  to  both  the  rubber  and  oil.  Four  antioxidants 
(Flectol  H,  Parazone,  pyrogallol,  and  o-cresol)  were  incorporated  in  a 
Hycar  1001  recipe  at  3 and  20.  1 phr.  These  same  antioxidants  also  were 
added  to  the  oil  in  similar  amounts,  giving  concentrations  ba  = ed  on  the 
oil  of  approximately  0.  15  and  1 per  cent,  respectively. 
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The  compounds  containing  Flectol  H evidenced  greater  elongation  and 
slightly  higher  tensile  strength  when  the  antioxidant  concentration  was  in- 
creased, and  cracking  was  reduced  somewhat  when  the  same  amount  of 
Flectol  H also  was  added  to  the  oil. 

Increasing  the  amount  cf  pyrogallol  in  the  rubber,  and  the  addition  of 
a similar  amount  of  this  material  to  the  oil,  imparted  greater  tensile 
strength,  though  at  the  expense  of  hardness  and  elongation.  There  was  no 
apparent  advantage  in  adding  o-cresol  or  Parazone  to  the  oil  or  increasing 
their  amounts  in  the  rubber. 

In  the  series  of  oil-aging  tests,  in  which  ar.tioxidart  was  added  only 
to  the  oil,  0.  15  and  i per  cent  of  phenothiazir.e,  ParapoL.  C,  and  Flectol 
H were  used.  The  results,  in  Table  17,  show  that  the  ruboer  possessed 
slightly  higher  elongation  and  tensile  strength  when  aged  in  oil  containing  1 
per  cent  Flectol  H than  when  aged  in  oils  containing  the  other  two  materials. 
However,  the  crack  resistance  of  this  composition  was  net  .improved  as 
much  as  when  this  antioxidant  was  added  to  both  V rubber  and  oil. 

In  summarizing  this  phase  of  the  antioxidant  work,  it  appears  that 
better  protection  against  deterioration  of  the  rubber  is  provided  when  the 
antioxidant  is  added  to  both  the  rubber  and  oil,  although  this  still  does  not 
impart  sufficient  crack  resistance  to  make  the  rubber  suitable  for  use  at 
350  F.  There  is,  of  course,  the  possibility  that  other  antioxidants  might 
be  found  which  will  be  more  effective. 


Effect  of  Processing  Aids 

Initial  compounding  and  aging  tests  indicated  that  zinc  stearate,  and 
possibly  zinc  oxide  and  stearic  acid,  might  be  contributing  toward  inferior 
aging  qualities.  As  pointed  out  earli>  * in  this  report,  high  levels  of  zinc 
oxide  were  injurious  to  hot-oil-aged  properties.  The  results  of  a brief 
study  of  the  effect  of  stearic  acid  in  a nonreinforced  stock,  shown  in  Table 
18,  disclosed  that  large  amounts  (5  phr)  of  this  ingredient  also  were 
detrimental  to  aging  characteristics.  Consequently,  additional  studies  were 
conducted  to  determine  the  effect  of  low  concentrations  of  these  ingredients. 

These  date  (Table  19)  revealed  that  reducing  the  zinc  oxide  and 
stearic  acid  levels  below  5 and  1.5  phr,  respectively,  imparted  only  a 
slight  decline  in  aged  properties.  Omitting  the  zinc  oxide  slightly  reduced 
aged  properties,  while  omitting  the  stearic  acid,  or  both  stearic  acid  and 
zinc  oxide,  gave  decidedly  poorer  properties.  The  optimum  concentrations 
appear  to  be  2.5  to  5 phr  zinc  oxide  and  0.75  to  1.  5 phr  stearic  acid. 

The  poor  processing  characteristics  of  Compound  A-23,  previously 
mentioned,  were  markedly  improved  by  the  addition  of  5 phr  of  zinc  stearate. 
However,  this  improvement  was  attained  at  the  expense  of  an  appreciable 
loss  in  other  oil-aged  properties.  Magnesium  stearate,  talc,  and 
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Acrawax  CT  were  less  efficient  in  improving  processability  and  also  were 
detrimental  to  the  aging  characteristics  (Table  20). 


Effect  of  Nonextractible  Plasticizers, 

Softeners,  and  Other  Additives 

The  effects  of  plasticizers,  softeners,  and  similar  materials  on  the 
aging  characteristics  of  a magnesia-filled  stock  (C  npound  A-23)  were 
investigated.  Although  it  was  expected  that  these  additives  would  reduce 
tensile  strength,  it  was  hoped  that  this  loss  would  be  counterbalanced  by 
gains  in  elongation  and  crack  resistance. 

As  shown  in  Tables  21  and  22,  none  of  these  materials  retarded 
cracking.  Two  nitrile-type  plasticizers  (Hycar  1012  x 41  and  ODN)  enhanced 
elongation  a t the  expense  of  tensile  strength.  Other  additives,  in  general, 
impaired  both  tensile  strength  and  elongation. 

No  evidence  was  obtained  which  indicated  that  any  of  these  softening- 
type  additives  were  completely  extracted.  The  fact  that  the  compositions 
containing  the  various  additives  swelled  more  than  the  control  containing 
no  additive  indicates  that  residual  additive  remained  in  all  these  compo- 
sitions after  hot-oil  aging.  Among  all  the  compositions  containing  these 
additives  the  lowest  swell  values  were  obtained  for  the  compositions  con- 
taining Hycar  liquid  polymers.  This  is  attributed  to  the  strong  polar 
nature  of  the  Hycar  liquid  polymers,  in  contrast  to  materials  such  as 
Vistanex  and  butyl  rubber,  which  are  nonpolar  and  swell  excessively  in 
ester-type  fluids. 

The  results  of  this  work  suggest  that  plasticizers  and  softener-type 
materials  are  not  beneficial  in  nitrile-rubber  compounds  designed  for  use 
at  elevated  temperatures. 


Effect  of  Acrylonitrile  Content  of  Copolymer 

A brief  study  was  conducted  to  determine  the  effect  of  the  acrylonitrile 
content  of  the  base  copolymer  on  the  aging  properties  of  magnesia-  and 
carbon  black-filled  stocks.  Several  rubbers,  ranging  in  acrylonitrile 
content  from  18  to  60  per  cent,  were  included  in  this  study. 

Although  'che  rubbers  with  lower  acrylonitrile  content  were  known  to 
possess  poor  oil  resistance,  it  was  hoped  that  plasticization  from  swelling 
would  improve  crack  resistance.  As  shown  in  Tables  23  and  24. 
these  copolymers  (Hycar  1002,  Paracril  B,  and  Paracril  AJ)  softened, 
swelled  excessively,  and  exhibited  poor  retention  of  physical  properties 
after  oil  aging.  The  improvement  sought  in  crack  resistance,  by  per- 
mitting more  swelling,  did  not  materialize. 
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Chemigum  N3NS,  which  is  slightly  higher  in  acrylonitrile  content 
than  Hycar  1001,  displayed  hot-oil-aging  properties  similar  to  those 
obtained  with  Hycar  1001.  Presumably,  these  two  rubbers  could  be  used 
interchangeably  for  many  applications. 

Two  higher  acrylonitrile  rubbers,  Hycar  1000  x 70  (60  per  cent 
acrylonitrile)  and  an  experimental  copolymer  (1457-60,  containing  55  per 
cent  acrylonitrile  and  prepared  at  Battelle),  were  evaluated  to  determine 
if  a reduction  in  the  butadiene  content,  which  would  reduce  the  number  of 
double  bonds  available  for  oxidation,  would  improve  crack  resistance.  The 
results  of  aging  these  compositions  showed  no  improvement  in  crack 
resistance,  although,  as  expected,  they  did  display  low  swell  and  good 
retention  of  tensile  strength.  However,  the  hardness  was  too  high  and 
elongation  was  too  low  after  oil  aging  at  350  F for  only  72  hours 

These  data  confirm  the  belief  that,  in  the  nitrile  rubber  class,  those 
rubbers  containing  40  to  45  per  cent  acrylonitrile  offer  the  best  hot-oil- 
aging  properties. 


Effect  of  Curing  Conditions 

A curing  cycle  of  60  minutes  at  298  F was  arbitrarily  selected  at  the 
beginning  of  this  project,  ii.  order  to  expedite  the  evaluation  program. 
Although  it  was  obvious  that  this  was  not  the  optimum  curing  cycle  for  all 
compositions,  it  was  believed  that  the  curing  conditions  would  have 
comparatively  little  effect  on  the  physical  properties  of  rubber  alter  it  is 
aged  at  350  F for  long  periods  of  time. 

A study,  in  which  Compound  A-2  3 was  cured  at  298,  350,  and  400  F, 
supported  this  contention.  The  results  cf  this  study,  shown  in  Table  25, 
reveal  that  the  vulcanizates  cured  at  elevated  temperatures  exhibited  no 
advantage  over  those  cured  at  our  standard  curing  temperature,  either  in 
original  or  oil-aged  properties. 


Effect  of  Aging  Conditions 

Effect  of  Air.  It  has  been  mentioned  that  air  plays  an  important  role 
in  the  rate  of  aging  of  rubber  in  oil.  The  dai.a  in  Table  26  illustrate  the 
relative  effects  of  ’’limited"  and  "unlimited"  air  on  the  aging  properties  of 
Compound  A-23.  As  might  be  expected,  the  sample  exposed  to  excess  air 
(loosely  covered  with  a Petri  dish)  swelled  lass,  increased  more  in  hard- 
ness, and  suffered  greater  loss  in  elongation  and  tensile  strength — presum- 
ably due  to  the  greater  amount  of  cross  linking  occurring  in  *his  sample 
from  oxidation. 

Further  evidence  of  the  greater  severity  of  the  unlimited-air  system 
was  found  in  the  considerably  greater  amount  of  sludge  resulting  after  oil 
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aging  by  this  method,  compared  with  that  of  the  limited-air  (ground-glass 
stoppered  bottle)  system.  It  is  understood  that  aircraft  lubrication  systems 
pump  a considerable  amount  of  air  with  the  oil,  and  that  it  is  virtually  im- 
possible to  totally  exclude  air.  Therefore,  contact  of  rubber  with  aerated 
oil  seems  probable  and  points  toward  the  need  for  oil  aging  rubber  under 
conditions  where  free  access  to  air  is  permitted.  The  difference  in  aging 
results  reporter  among  different  laboratories  is  probably  due  to  the  amount 
of  air  permitted  to  contact  the  oil  during  aging.  It  appears  essential,  there- 
fore, that  standardisation  of  test  procedures  among  the  various  laboratories 
Is  not  only  desirable  but  mandatory. 

Effect  of  Metals.  A study  was  made  of  the  effect  of  metals  on  the  oil 
aging  of  rubber  at  350  F.  Small  pieces  of  various  metals  (steel,  copper, 
aluminum,  magnesium,  and  silver)  were  placed  in  the  bottom  of  the  con- 
tainers, where  they  were  not  in  direct  contact  with  the  rubber  specimens. 

No  special  prec  .utions  were  taken  to  exclude  air  from  contact  with  the  oil 
during  aging.  he  fact  that  no  marked  trends  were  noted  in  the  results 
(Table  27),  including  those  for  a control  containing  no  metal,  suggest 
that  metals  contacting  the  oil  have  no  appreciable  influence  on  the  aging  of 
rubber,  at  least  in  systems  exposed  to  unlimited  air.  Any  limited  influence 
the  metals  may  have  exerted  on  the  aging  was  undoubtedly  masked  by  the 
gross  effects  of  air. 


Reproducibility  of  Results 

Studies  were  conducted  to  determine  whether  reproducible  results 
could  be  obtained  (1)  with  our  test  equipment  and  procedures  and  (2)  by 
testing  a series  of  batches  of  the  same  composition. 

Table  28  illustrates  the  degree  of  reproducibility  that  can  be 
achieved  with  our  test  equipment  and  procedures.  These  tests,  conducted 
on  specimens  from  the  same  batch  of  compounded  stock,  demonstrated  that 
experimental  work  can  be  repeated  with  a high  degree  of  accuracy. 

A separate  study  was  made:  to  determine  if  different  batches  of  the 
came  formulation  would  yield  duplicate  results.  These  stocks  were  pro- 
cessed in  an  identical  fashion  and  aged  simultaneously.  As  shown  in 
Table  29,  the  physical  properties  of  the  three  stocks,  both  before  and 
after  aging,  were  well  within  the  limits  allowed  for  experimental  error. 


Degradation  of  Turbo  Oil-15 

Although  air  is  the  dominant  factor  in  the  degradation  of  rubber  at  high 
temperatures,  consideration  was  given  to  the  possibility  that  the  oil  also 
might  be  a contributing  factor. 

Extended  oil-aging  tests  were  performed  in  Turbo  Oil-15  and  in 
di-(2-ethylhexyl)  sebacate  to  determine  if  used  oil  was  more  harmful  than 
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fresh  oil  to  new  rubber.  It  was  anticipated  that  degradation  products  from 
the  oil,  and  the  accumulation  of  impurities  in  the  oil  from  previously  aged 
rubber  specimens,  might  make  the  oil  progressively  more  harmful  to  new 
rubber . 

Table  30  illustrates  the  comparative  effect  of  the  two  diester-type 
oils  on  Compounds  A-23  and  A-97.  Seven  sets  of  fresh  rubber  samples 
from  each  of  these  compositions  were  aged  consecutively  for  72  hours  in 
each  of  these  oils  at  350  F.  After  21  days  (500  hours)  at  350  F,  neither 
aged  fluid  showed  any  indication  of  deteriorating  new  rubber  more  rapidly 
than  when  it  was  fresh.-  Thus,  these  limited  data  indicate  that  the  diester 
fluids  do  not  become  increasingly  harmful  to  rubber,  at  least  within  this 
time  limit.  Results  of  these  tests  showed  that  identical  rubber  specimens 
aged  in  di-(2-ethylhexyl)  sebacate  swelled  somewhat  less  than  thos..;  aged 
in  Turbo  Oii-15,  but  other  rubber  properties  were  little  affected  by  the 
choice  of  the  aging  oil.  The  similarity  of  results  obtained  by  aging  rubber 
in  a pure  diester  oil  and  in  a compounded  oil  (Turbo  Oil-15)  is  striking. 

The  difference  in  hot-oil-aging  properties  exhibited  by  Compounds  A-23 
and  A-97,  as  discussed  previously,  is  attributed  to  the  harmful  effect  of 
zinc  stearate  in  the  A-97  compound. 

Tests  also  were  conducted  to  determine  the  degree  of  degradation  of 
Turbo  Oil-15  and  di-(2-ethylhexyl)  sebacate:  when  individually  heated  at 
350  F.  Tests  were  performed  in  both  closed  and  open  (regular)  containers. 
Oil  samples  were  removed  after  heating  for  24,  72,  and  168  hours,  and  the 
pur  cent  active  oxygen  was  determined  according  to  the  procedure  described 
in  Protective  and  Decorative  Coatings  (Mattiello).  Essentially,  this  method 
involves  the  addition  of  potassium  iodide  to  the  oil  and  titrating  liberated 
iodine  with  sodium  thiosulfate  solution. 

The  results  of  these  tests,  shown  in  Table  31,  reveal  that  the 
amount  of  degradation  ol  both  oils  was  negligible  in  closed  systems.  As 
anticipated,  deterioration  was  much  greater  in  the  regular  containers,  in 
which  the  oils  were  exposed  to  an  unlimited  supply  of  air.  In  this  system, 
degradation  reached  a maximum  in  from  24  to  72  hours  and  then  rapidly 
declined.  One  possible  explanation  for  this  phenomenon  is  that  peroxides 
are  formed  from  only  a small  portion  of  these  oils.  Since  peroxides  may 
be  considered  as  intermediate  products  in  degradation  reactions,  a decline 
in  peroxide  content  may  indicate  that  more  peroxides  are  being  converted 
to  other  products  than  are  being  formed. 

It  is  interesting  to  note  that  Turbo  Oil- 15  degraded  more  i>an  did 
di-(2-ethylhexyl)  sebacate,  which  contains  no  protective  agents. 


Comparison  of  Esso  and  Penola  Turbo  Oil-15 

During  the  course  of  this  research,  the  original  55-gallon  drum  of 
Esso  Turbo  Oil- 15,  supplied  by  the  Materials  Laboratory,  WPAFB,  was 
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depleted  and  it  was  necessary  to  order  additional  oil.  The  new  supply  of 
Turbo  Oil- 15  was  ordered  from  the  local  agent  for  this  oil,  the  Penola  Oil 
Company,  Detroit,  Michigan.  To  determine  whether  the  new  oil  (Penola) 
would  give  results  identical  to  those  obtained  with  the  oil  in  the  first  drum 
(Esso),  four  rubber  stocks  were  aged  in  oil  from  both  these  sources.  Re- 
sults; shown  in  Table  32,  disclosed  that  the  rubbers  aged  in  Esso  Oil 
were  softer  and  swelled  more  than  those  aged  in  Penola  Oil.  Although 
distinct  differences  in  these  properties  were  observed,  these  discrepancies 
were  not  considered  critical  since  most  Hycar  1001  compounds  have  dis- 
played satisfactory  swell  resistance  and  hardness.  Other  rubber  properties 
were  little  affected  by  the  choice  of  oil. 


Compounding  Studies  With  Hycar  4021 


A large  amount  of  work  has  been  done  to  determine  the  effect  of 
several  compounding  variables  on  the  properties  of  Hycar  4021  vulcanizates 
after  aging  in  Turbo  Oil-15  at  35C  F.  Variables  studied  included  vulcanising 
systems,  fillers,  and  lubricants.  A literature  survey  was  made  on  the  com- 
pounding of  acrylate-type  rubber,  as  a background  for  this  study.  This 
survey  is  presented  in  Appendix  E to  this  report. 


Effect  of  Vulcanizing  Systems  on  Hycar  4Q21 

Several  vulcanizing  systems  were  studied  in  detail  to  determine  which 
one  gave  optimum  aged  properties  to  vulcanizates.  Data  in  the  literature 
indicate  that  good  aging  properties  arc  obtained  when  a mixture  of  vul- 
canizing agents  is  used.  This  mixture  should  contain  an  amine  and  sulfur, 
with  or  without  a sulfur-liberating  material.  In  order  to  verify  this,  four 
different  systems  were  studied.  These  were  triethylene  tetramine  - 
sulfur  - Tuads,  Trimene  base  - sulfur  - Tuads,  triethylene  tetramine  - 
sulfur  - Monex,  and  triethylene  tetramine  - sulfur  - Polyac. 

Triethylene  Tetramine  - Sulfur  - Tuads.  The  combination  of  tri- 
ethylene  tetramine,  sulfur,  and  Tuads  has  been  recommended  as  a vul- 
canizing system  which  imparts  good  heat  resistance  to  Hycar  4021 
vulcanizates.  Since  the  particular  combination  of  these  three  materials 
was  considered  important,  a number  of  ratios  were  explored,  with  results 
shown  in  Table  33,  for  Batches  PA-2  through  PA-39.  In  order  to  help 
correlate  these  data,  triangular  graphs  were  prepared  (Figures  5 through 
8),  which  aid  in  explaining  the  effect  of  each  of  these  vulcanizing 
agents.  These  data  demonstrate  that  a compromise  needs  to  be  made  to 
obtain  the  best  balance  of  the  four  properties  desired.  After  aging  for 
168  hours  in  Turbo  Oil-15  at  350  F,  compositions  having  the  highest 
tensile  strength  and  hardness,  and  lowest  swell,  are  found  in  the  area  of 
high  amounts  of  triethylene  tetramine  and  low  amounts  of  sulfur  and  Tuads. 
However,  the  best  aged  elongation  is  found  in  the  areas  of  low  triethylene 
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tetramine  and  about  one-half  part  sulfur  and  one-half  part  Tuads.  The 
optimum  balance  of  all  four  properties  appears  to  be  in  the  area  of  40  to 
65  per  cent  triethylene  tetramine,  15  to  30  per  cent  sulfur,  and  10  to  40  per 
cent  Tuads. 

In  order  to  narrow  this  range,  nine  additional  batches  (PA-48  through 
PA-56)  were  prepared,  with  ratios  of  the  three  vulcanizing  agents  within  the 
optimum  range  mentioned  above.  It  was  found  that  five  of  these  batches 
(PA-50,  -52,  -53,  -55,  and  -56)  had  very  good  oil-aged  properties,  even 
after  the  500-hour  test  (see  Table  33).  The  500-hour  aging  test  demon- 
strated that  Batch  PA-52  was  the  best  of  this  group  of  compositions,  with 
PA-53  being  a close  second.  The  other  batches  in  this  group  were  not  aged 
beyond  168  hours,  because  of  low  hardness  and/or  high  swelling. 

It  is  interesting  to  note  that,  after  500  hours  of  aging,  Batch  PA- 52 
had  properties  comparable  to  PA-2,  although  the  latter  contained  no  sulfur 
in  its  vulcanizing  system.  Because  of  this  similarity,  these  two  batches 
were  recompounded  and  tested.  Results  of  this  work  are  shown  in  Table 

34.  It  can  be  seer  that  there  was  a rather  wide  variation  in  some  of  the 
properties  between  duplicate  samples.  Part  of  this  can  be  attributed  to 
variations  in  compounding,  curing,  testing,  etc. , between  the  duplicate 
batches.  On  the  basis  of  these  results  no  significant  difference  can  be  de- 
tected between  the  two  vulcanizing  systems.  For  the  purpose  of  future  work, 
both  of  these  ratios  will  be  considered  optimum. 

It  should  be  noted  that  only  one  curing  time  was  used  to  test  each 
batch  reported  in  Tables  33  and  34.  In  all  cases,  the  shortest  curing 
time  was  used  which  did  not  cause  noticeable  permanent  set  when  the  sample 
was  stretched  by  hand.  Limited  work  was,  therefore,  undertaken  to  deter- 
mine the  effect  of  long  curing  times  on  the  hot-oil-aged  properties.  Data  in 
Table  35  show  that  long  curing  times  have  a beneficial  effect  on  aged 
properties.  Tensile  strength  and  hardness  are  increased,  swelling  de- 
creased, and  the  elongation  is  unaffected.  In  view  of  the  long  heating  time 
at  a high  temperature  involved  in  aging  the  rubber,  it  previously  has  been 
assumed  tha*  initial  cure  conditions  were  not  very  important,  so  long  as  an 
adequate  cure  was  obtained.  However,  these  data  indicate  that  the  initial 
cure  is  more  important  than  was  first  thought. 

After  it  was  determined  that  a longer  curing  time  improved  the  aged 
properties,  presumably  because  of  a tighter  cure,  it  was  thought  that  the  use 
of  additional  vulcanizing  agent  might  be  a better  method  of  accomplishing  the 
same  result,  since  long  curing  times  are  not  practical  for  factory  production. 
By  comparing  Batch  PA-112  and  PA-113  (see  Table  35),  it  can  be  seen 
that  doubling  the  amount  of  vulcani2;ing  agent  decreased  swelling  about  10  per 
cent,  with  only  a slightly  harmful  effect  on  <-he  aged  elongation. 

More  work  is  planned  to  determine  the  effects  of  long  curing  times 
and  increased  vulcanizing  agent.  In  addition,  a study  will  be  iru.de  of  the 
effect  of  raising  the  curing  temperature  in  order  to  get  tighter  cures  in  a 
more  reasonable  curing  time. 
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Trimene  Base  - Sulfur  - Tuads.  Trimene  base,  sulfur,  and  Tuads 
have  been  recommended  as  another  vulcanizing  system  which  gives  heat- 
resistant  vulcanizates  with  Hycar  4021.  Several  batches  were  selected  to 
evaluate  this  system,  with  results  shown  in  Table  36-  With  one 
exception,  the  vulcanizates  had  low  hardness,  high  swell,  and,  frequently, 
high  ilcngation,  after  aging  in  Turbo  Oil-15.  The  one  exception,  Batch 
PA- 11 9,  showed  that  greatly  improved  aging  properties  can  be  obtained 
by  doubling  the  amount  of  vulcanizing  agent.  Longer  cures  also  improve 
the  aged  properties. 

The  results  with  mixtures  of  Trimene  base,  sulfur,  and  Tuads  were 
found  to  be  consistent  with  earlier  work  with  triethylene  tetramine,  sulfur, 
and  Tuads.  That  is,  in  both  cases,  increased  amounts  of  vulcanizing 
agent  and  longer  cures  improved  the  hot-oil-aged  properties.  However, 
the  increased  vulcanizing  agent  was  much  more  beneficial  than  the  in- 
creased curing  time,  although  the  two  effects  supplemented  each  other. 

For  comparable  ranges  of  concentration,  the  curing  system  containing 
Trimene  base,  sulfur,  and  Tuads  gave  softer  aged  vulcanizates  which 
swelled  more  than  those  containing  triethylene  tetramine,  sulfur,  and 
Tuads.  It  is  planned  to  investigate  further  the  use  of  high  loadings  of 
Trimene  base,  in  order  to  follow  this  encouraging  lead. 

Triethylene  Tetramine  - Sulfur  - Monex  and  Triethylene  Tetramine  - 
Sulfur  - Polyac.  Monex  and  Polyac,  alone  or  in  combination  with  sulfur, 
have  been  recommended  as  giving  vulcanizates  with  very  good  heat  re- 
sistance [Mast,  W.  C.,  Dietz,  T.  J. , Dean,  R.  L. , and  Fisher,  C.  H., 
India  Rubber  World,  116,  355  (1947)].  The  results  of  some  preliminary 
work  done  to  verify  this  are  shown  in  Table  37.  Batches  cured  with 
little  or  no  triethylene  tetramine  swelled  excessively  and  became  very  soft 
during  hot-oil  aging.  However,  when  a better  balance  of  the  three  vul- 
canizing agents  was  used,  results  were  more  encouraging.  Batches  PA-79 
with  Monex  and  PA-87  with  Polyac  are  much  improved  but  are  still  inferior 
to  similar  compounds  containing  Tuads  as  a vulcanizing  agent.  More  work 
is  planned  with  Monex  and  Polyac,  in  an  effort  to  develop  optimum  aged 
properties. 


Effect  of  Various  Fillers  on  Hycar  4021 

It  has  been  reported  (B.  F.  Goodrich  Chemical  Company, 
“Polyacrylic  Rubber",  Service  Bulletin  H-ll,  March,  1953)  that  the 
choice  cf  fillers  is  very  important  in  compounding  Hycar  4021  stocks. 
Because  of  this,  several  fillers  were  evaluated  to  determine  their  rela- 
tive merit. 


Hi-Sil ■ Hi-Sil  is  one  of  the  best  nonblack  fillers  for  Hycrr  4021.  In 
the  study  of  Hi-Sil  as  a reinforcing  agent,  a series  of  compounds  was 
made  in  which  the  amounts  of  this  material  were  varied.  The  data  in 
Table  38  indicate  that  optimum  hot-oil-aged  properties  were  obtained 
by  the  use  of  high  loadings  of  Hi-Sil  (65  cr  75.8  phr)  with  10  phr  plasticizer 
W ADC  TR  54-190  18 


with  the  stocks  being  tempered  before  aging.  Lower  loadings  of  Hi-Sil, 
elimination  of  the  plasticiser,  or  elimination  of  the  tempering  increased 
the  swelling.  Use  of  20  phr  of  plasticizer  was  harmful  to  the  aged  tensile 
strength. 


The  one  disrdvantage  of  the  high  Hi-Sil  loadings  was  that  the  hardness 
was  in  excess  of  80  before  aging.  However,  it  was  possible  to  reduce  this 
hardness  to  a satisfactory  level  by  using  a plasticizer. 


Fillers  Other  Than  Hi-Sil.  Several  fillers  other  than  Hi-Sil  were  also 
evaluated  in  Hycar  4021.  The  data  shown  in  Table  39  indicate  that  Silene 
EF  has  the  most  promise  of  those  tested.  Batch  PA-95,  with  70  phr  Silene 
EF,  more  nearly  meets  the  target  specifications  than  any  stock  evaluated 
on  this  program.  After  500  hours'  aging  at  350  F,  it  failed  by  only  a 
narrow  margin  on  three  of  the  requirements.  These  were  as  follows: 


Property 

Unaged  hardness 
Aged  swelling 
Aged  elongation 


PA-95 

85 

35.  7 
90 


Specification 

80  max 
30.  0 max 
100  min 


At  the  beginning  of  our  work,  B.  F.  Goodrich  Chemical  Company 
recommended  40  phr  of  Philblack  A in  Hycar  4021  as  a standard  stock. 
Because  of  our  results  with  high  loadings  of  Hi-Sil  and  Silene  EF,  high 
loadings  of  this  carbon  black  also  were  investigated.  Table  39  shows 
that  varying  the  loading  of  Philblack  A from  40  to  80  phr  produced  no  con- 
sistent improvement  in  the  aged  physical  properties.  The  same  data  also 
show  that  the  aged  vulcanizates  with  this  black  were  inferior  to  the  aged 
vulcar.izates  prepared  with  Hi-Sil  or  Silene  EF=  Substitution  of  Calcene  TM 
for  part  of  the  Philblack  A decreased  the  aged  swelling,  but  at  a sacrifice  to 
the  aged  tensile  strength. 

EL.C  magnesia  vulcanizates  also  were  evaluated,  because  of  the 
promising  results  found  for  this  material  in  Hycar  1001.  However,  exces- 
sive swelling  and  even  cracking  were  found  for  Hycar  4021  compositions 
containing  this  filler. 

Preliminary  evaluations  with  Hi-Sil  C,  Philblack  O,  and  Aerosil  gave 
rather  mediocre  results  and  appear  to  merit  no  further  work. 

As  a result  of  work  to  date,  it  is  planned  to  continue  the  studies  of  Hi- 
Sil  and  Silene  EF  as  reinforcing  agents  for  Hycar  4021. 


Effect  of  Lubricants  on  Hycar  4021 

Stocks  containing  Hycar  4021  are  difficult  to  process,  because  of 
sticking  or  splitting  during  milling.  To  overcome  this,  a small  amount  of 
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stearic  acid  has  usually  been  added  to  recipes  containing  this  rubber. 

While  this  reduced  the  problem,  it  did  not  eliminate  it.  Therefore,  a short 
study  was  made  of  the  effect  of  increasing  the  stearic  acid  content  and  try- 
ing other  lubricants. 

The  results  in  Table  40  indicate  that  sticking  was  reduced  by  the 
use  of  additional  stearic  acid,  but  at  the  expense  of  the  hot-oii-aged  physical 
properties.  The  two  lubricants  tried,  other  than  stearic  acid  (Acrawax  CT 
and  lanolin),  had  a similar  adverse  effect  on  Hycar  4021.  In  view  of  these 
results,  it  was  decided  to  continue  the  use  of  one  part  of  stearic  acid  in  all 
future  work.  Since  beginning  this  study,  it  has  been  found  that  careful 
control  of  the  mill  temperature  is  a satisfactory  method  for  obtaining 
better  processing. 


C omparison  of  Effects  of  Esso  and  Penola 
Turbo  Oil  on  Hycar  4021 

In  an  earlier  section  of  this  report,  a comparison  was  made  between 
the  effects  of  Esso  and  Fenola  Turbo  Oil-1  5 on  compositions  from  Hycar 
1001.  A similar  comparison  was  made  on  compositions  from  Hycar  4021, 
with  results  given  in  Tabic  41.  The  samples  rjed  in  the  Penola  oil  for 
72  hours  had  about  200  psi  less  tensile  strength  than  those  aged  in  the  Esso 
oil.  However,  when  the  oil  aging  was  extended  to  500  hours,  the  rubber 
samples  aged  in  both  oils  gave  practically  identical  results.  No  other 
significant  differences  were  noted  between  the  effects  of  the  tv/o  types  of  oil. 
It  is  understood  that  the  Materials  Laboratory,  WPAFB,  has  had  similar 
experience  in  the  aging  of  rubber  in  different  lots  of  Esso  Turbo  Oil-15. 


Blends  of  Hycar  1001  and  Hycar  4021 

Previous  work  has  shown  that  Hycar  1001  vulcanizates  swell  much  less 
than  Hycar  4021  in  Turbo  Oil-15.  Hycar  1001,  however,  has  the  serious 
disadvantage  of  cracking  badly  when  hot-oil  aged.  In  order  to  take 
advantage  of  the  oil  resistance  of  the  nitrile  rubber,  some  studies  were 
made  in  which  it  was  blended  with  relatively  large  amounts  of  the  acrylate 
rubber,  Hycar  4021. 

The  data  in  Table  42  show  that  up  to  20  parts  of  Hycar  1001  was 
beneficial  in  increasing  the  hardness,  but  contributed  no  other  beneficial 
effects  to  Hycar  4021.  It  is  very  interesting  to  observe  that  there  was  no 
cracking  in  any  of  the  blends  of  these  two  rubbers  in  the  ratios  explored. 
Tempering  was  found  to  lower  the  aged  swelling. 

This  work  will  be  extended  to  30  and  40  parts  of  Hycar  1001,  to 
determine  whether  swelling  can  be  reduced  without  inducing  cracking  during 
extended  hot-oil  aging. 
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Compounding  Acrylon  EA-5 


Acrylon  EA-5  is  a copolymer  of  95  per  cent  ethyl  acrylate  and  5 per 
cent  acrylonitrile,  produced  by  the  American  Monomer  Corporation.  This 
material  has  been  evaluated  to  determine  vulcanizate  properties  after  aging 
in  Turbo  Uil-15  at  350  F.  Complete  data  are  shown  in  Table  41. 

Because  a large  rv.uber  of  500-hour  tests  are  in  progress,  most  of  the 
conclusions  must  be  drawn  on  the  basis  of  only  168  hours'  aging.  Con- 
clusions which  appear  evident  at  this  time  are  as  follows: 

(1)  Small  amounts  of  triethylene  tetramine  (0.  8 part)  are 
insufficient  to  form  a suitable  cure.  Larger  amounts 
of  amine  correct  this. 

(2)  Long  cures  result  in  lower  aged  tensile  strength  and 
elongation  (which  is  undesirable),  but  decrease  the 
aged  swelling  (which  is  very  desirable). 

(3)  Data  are  insufficient  to  show  whether  Philblack  A or 
Philblack  O is  the  better  black  to  use.  However,  re- 
sults with  Philblack  E indicate  that  this  type  of  carbon 
black  retards  the  cure. 

(4)  Data  are  insufficient  to  determine  whether  40  or  50 
parts  of  carbon  black  are  optimum. 

(5)  Tempering  showed  no  advantage. 

(6)  As  the  aging  period  increased,  tensile  strength,  elonga- 
tion, and  swelling  all  decreased.  Hardness  reached  a 
minimum  and  then  increased. 

(7)  Cracking  was  noted  in  several  samples.  However, 
data  are  insufficient  to  determine  the  cause  of  this. 

In  comparing  the  results  for  Acrylon  EA-5  with  those  for  Hycar  4021, 
previously  discussed,  it  is  believed  that  Acrylon  EA-5  shows  promise  equal 
to  Hycar  4021.  The  strongest  point  in  favor  of  Acrylon  EA-5  is  that  it 
evidences  decreased  swell  during  prolonged  hot-oil  aging.  Excessive 
swelling  is  the  one  shortcoming  of  the  Hycar  4021,  as  it  swells  continually 
throughout  the  aging  period.  When  all  of  the  500-hour-a'.ging  tests  are  com- 
pleted (Table  43),  a much  better  picture  on  Acrylon  EA-5  will  be  avail- 
able. 


Work  with  Acrylon  EA-5  will  continue.  This  polymer  will  be  used 
alone  and  in  blends  with  Hycar  4021,  to  determine  how  this  polymer  can 
best  be  used.  In  view  of  the  encouraging  results  obtained  with  Silene  EF 
and  Hi-Sil  as  reinforcing  agents  for  Hycar  4021,  studies  will  be  made  with 
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these  and  other  nonblack  pigments  in  Acrylon  EA-5.  However,  carbon 
blacks  still  show  promise  in  acrylate-type  rubbers,  in  contrast  to  their 
poor  showing  in  nitrile-type  rubber. 


Compounding  Miscellaneous  Polymers 


Four  polymers  were  given  a brief  evaluation  to  see  how  their  aged 
properties  compare  with  Hycar  40?  1 r 


Hycar  PA  (Polyethylacrylate) 

This  material  was  compounded  in  a recipe  recommended  by  B.  F. 
Goodrich  Chemical  Company.  The  data  in  Table  44  show  Hycar  PA  has 
very  good  resistance  to  swelling,  hut  very  poor  elongation  and  cracking 
after  aging. 


Acrylon  BA-12  (Copolymer  of  Butyl  Acrylate 
and  Acrylonitrile) 

Acrylon  BA- 12  was  compounded  in  a recipe  recommended  by 
American  Monomer  Corporation.  After  aging  in  Turbo  Oil-15  (Table  44), 
the  vulcar.izates  became  very  soft  and  swelled  excessively. 


Philprene  VP  (Copolymer  of  Vinyl 
Pyridine  and  Butadiene 

Philprene  VP  was  compounded  according  to  the  recommendations  of 
Phillips  Chemical  Company.  Data  in  Table  44  indicate  a negligible  ten- 
sile strengta  and  elongation  after  aging.  In  addition,  it  showed  the  typical 
cracking  of  an  unsaturated  polymer. 


Silicone 


A number  of  cured  silicone-rubber  stocks  were  obtained  from  com- 
mercial sources  for  a preliminary  evaluation  of  the  resistance  of  this  type 
of  rubber  to  hot  Turbo  Oil-15.  As  indicated  in  Table  45,  these  composi- 
tions displayed  poor  physical  properties  after  oil  ag;ing  at  350  F. 

Further  research  with  the  silicones  was  deemed  inadvisable,  since 
previous  experience  with  this  type  of  rubber  at  WADC  revealed  that  it  tends 
to  dissolve  when  a critical  temperature  is  reached.  Even  though  this 
critical  temperature  may  be  considerably  higher  than  350  F,  there  is 
always  the  possibility  that  an  overheat  will  occur  which  will  destroy  the 
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rubber.  While  excessive  temperatures  also  are  harmful  to  "organic-type1' 
rubbers,  these  do  not  tend  to  disintegrate  in  contact  with  hot  oil  as  do  the 
silicones. 


Compression-Set  Tests 


Because  of  the  possibility  of  using  acrylate  polymers  in  seals  such  as 
0-rings,  compression-set  measurements  were  .'-.lade  oa  several  promising 
stocks.  An  apparatus  was  specially  designed  so  that  the  tests  could  be 
made  in  the  aluminum -block  heater.  Complete  details  of  this  test  have 
been  given  previously  in  this  report. 

Table  46  shows  the  results  of  compression-set  tests  on  two  of  the 
most  promising  stocks,  one  a carbon  black  stock  and  one  a nonblack  stock. 
Results  indicate  a compression  set  of  about  95  per  cent,  although  tempering 
decreased  this  to  about  75  per  cent. 

It  is  planned  tc  limit  hot  compression-set  tests  to  only  those  samples 
which  closely  approach  the  target  specifications. 


SUMMARY 


Compounding  Nitrile-Type  Rubber 


The  main  effort  of  this  phase  of  the  research  program  has  been  con- 
centrated on  the  selection  and  evaluation  of  conventional  and  experimental 
compounding  ingredients  which  impart  oil-  and  heat-resistant  qualities  to 
butadiene-acrylonitrile  copolymers,  principally  Hycar  1001.  The  im- 
portance of  proper  types  and  concentrations  of  rubber  ingredients  was 
established  early  in  the  program,  when  preliminary  aging  data  disclosed 
that  any  material  added  to  the  rubber  influenced  its  performance  at  elevated 
temperatures.  Therefore,  a search  was  initiated  to  find  compounding 
ingredients  which  neither  decompose  nor  promote  degradation  of  the  rubber 
at  350  F. 


Fillers 


Early  filler  studies  showed  that  loadings  of  40  to  80  parts  of  carbon 
black  per  100  parts  rubber  (phr)  induced  cracking  and  contributed  toward 
other  inferior  aging  characteristics.  Reducing  the  carbon  black  level  to 
25  phr  improved  the  crack  resistance,  but  at  the  expanse  of  other  aging 
properties . 
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Attention  was  given  to  nonblack  fillers,  and  aging  data  revealed  that 
this  type  of  reinforcing  agent  was  superior  to  carbon  black  in  compounds 
exposed  to  diester  oils  at  350  F.  The  best  results  to  date  with  nitrile-type 
rubber  nave  been  obtained  with  compositions  containing  100  phr  of  magnesia 
(Compound  A-2  3).  It  exhibited  low  swell  ar.d  excellent  retention  of  physical 
properties  after  aging  in  Turbo  Oil-15  at  350  F for  168  hours.  However,  it 
lacked  adequate  crack  resistance.  Endeavors  to  provide  better  crack 
resistance  by  means  of  selected  nonextractible  plasticize.  softeners, 
antioxidants,  and  other  compounding  materials  were  unsuccessful.  In  fact, 
in  most  instances,  the  incorporation  of  other  ingredients  in  this  formulation 
impaired  all  hot-oil  aging  properties. 


Curing  Systems 

An  investigation  of  low-sulfur  and  nonsulfur  curing  systems  disclosed 
that,  while  che  original  physical  properties  were  influenced  by  the  choice  of 
curatives,  the  properties  after  aging  in  Turbo  Oil-15  at  350  F for  lb8  hours 
were  affected  only  slightly  by  differences  in  curing  systems.  In  most 
instances,  the  aged  properties  were  quite  similar,  regardless  of  the  curing 
system  employed. 

It  was  observed  that  tighter  cures  were  obtained  with  larger  amounts 
of  available  sulfur,  but  this  had  no  beneficial  effect  on  the  physical  proper- 
ties of  the  vulcanizates  after  hot-oil  aging. 

Nonsulfur  curatives  produced  vulcanizates  which  displayed  properties 
similar  to  those  obtained  with  sulfur,  but  none  which  were  better.  Aging 
data  failed  to  reveal  any  advantage  attained  with  nonsulfur  curing  agents 
which  could  not  be  achieved  with  low-sulfur  systems. 


Antioxidants 


Extensive  antioxidant  studies  were  conducted  in  an  effort  to  find  a 
method  of  providing  adequate  protection  for  the  rubber  against  degradation 
at  350  F.  These  included  studies  to  determine  (1)  the  effectiveness  of  con- 
ventional and  experimental  antioxidants,  (2)  the  effect  of  large  amounts  of 
antioxidants,  and  (3)  the  desirability  of  adding  antioxidants  to  the  rubber, 
oil,  or  both. 

An  evaluation  of  commercial  and  experimental  antioxidants  disclosed 
that  none  afforded  sufficient  protection  to  render  the  rubber  suitable  for 
use  at  350  F.  Some  contributed  toward  slightly  better  crack  resistance,  but 
gains  in  this  direction  were  meager.  Combinations  of  some  of  the  more 
effective  antioxidants  did  not  exhibit  any  synergistic  action  or  evidence 
greater -than- additive  protection. 
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It  was  thought  that,  perhaps,  larger  amounts  of  antioxidant  than  are 
commonly  used  might  provide  greater  protection  for  the  rubber  against 
oxidation.  However,  aging  results  illustrated  that,  in  most  instances, 
large  concentrations  (10  to  20  phr)  of  antioxidant  were  no  more  effective 
than  normal  amounts. 

Data  ob^ lined  from  tests  in  which  antioxidants  were  added  to  the 
rubber,  oil,  and  both,  revealed  that  limited  improvement  wa«  obtained 
when  the  agent  was  added  to  both. 


Processing  Aids 


Compounding  studies  with  zinc  oxide  and  stearic  acid  disclosed  that 
the  optimum  concentrations  of  these  ingredients  were  2.  5 to  5 and  0.75  to 
1.5  phr,  respectively.  Increasing  or  decreasing  the  amounts  beyond 
these  limits  impaired  aging  properties. 

The  processability  of  some  of  the  more  heavily  loaded  stocks,  such 
as  Compound  A-23,  was  markedly  improved  by  the  incorporation  of  zinc 
stearate  in  those  compositions.  However,  even  small  amounts  of  this 
material  drastically  reduced  hot-oil-aged  properties.  Other  processing 
aids  produced  similar  results. 


Nonextractible  Plasticizers,  Soflcucj-s, 
and  Other  Additives 


No  significant  improvement  in  aging  properties  was  observed  in 
compositions  containing  nonexiractible  plasticizers  and  softeners.  Although 
it  was  expected  that  these  materials  would  reduce  tensile  strength,  it  was 
felt  that  this  loss  could  be  tolerated  if  sufficient  improvements  were  ob- 
tained in  crack  resistance  and  elongation. 

Nitrile-type  plasticizers  enhanced  aged  elongation,  but  at  the  sacrifice 
of  tensile  strength.  These  plasticizers  did  not  contribute  toward  crack 
resistance.  Other  plasticizers  and  softeners,  such  as  Paraplex  G-25, 
Factice,  and  hydrocarbon  resins,  were  detrimental  to  the  aging  character- 
istics, indicating  that  the  use  of  such  ingredients  is  not  desirable  in  oil-* 
resistant  compounds  for  high-temperature  service. 


Effect  of  Acrylonitrile  Content  of  Copolymer 

A brief  study  of  acrylonitrile-butadiene  copolymers  revealed  that 
those  containing  40  to  45  per  cent  acrylonitrile  (Hycar  1001,  Chemigum 
N3NS)  displayed  the  best  aging  qualities.  Dower  acrylonitrile  rubbers 
(Hycar  1002,  Paracril  B,  and  Paracril  AJ)  softened,  swelled  excessively, 
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and  showed  poor  retention  of  initial  properties.  High  acrylonitrile  rubbers 
(55  to  60  per  cent  acrylonitrile)  exhibited  unsatisfactory  hardness  and 
elongation. 


Effect  of  Curing  Conditions 

Initial  data  obtained  on  the  influence  of  high  curing  temperatures 
(350  to  400  F)  on  Hycar  1001  stocks  indicated  that  these  higher-than-usual 
curing  temperatures  have  little  effect  on  aging  qualities.  Since  vulcaniza- 
tion certainly  continues  during  aging,  there  was  considered  to  be  only  a 
remote  possibility  that  better  aging  characteristics  could  be  achieved  by 
the  use  of  more  stringent  curing  conditions. 


Effect  of  Aging  Conditions 

The  results  of  hot-oil-aging  tests  showed  that  air  is  the  major  factor 
in  promoting  degradation  of  the  rubber.  Compositions  aged  in  oil  exposed 
to  only  a limited  amount  of  air  displayed  far  better  retention  of  physical 
properties  than  those  aged  in  oil  exposed  to  unlimited  air. 

A study  of  the  effect  of  metals  on  oil  aging  of  rubber  indicated  that 
contact  of  oil  with  metals  does  not  appear  to  influence  the  oil-aged  proper- 
ties of  tne  rubber,  at  least  in  systems  exposed  to  unlimited  air. 


Reproducibility  of  Results 

Tests  were  performed  to  determine  the  degree  of  reproducibility  of 
results  for  oil  aging  of  rubber.  The  data  indicated  that  results  could  be 
duplicated,  both  for  the  testing  of  a series  of  batches  of  the  same  compo- 
sition and  for  a series  of  tests  on  the  same  batch  of  stocks. 


Degradation  of  Turbo  Oil-15 

Aging  tests  conducted  on  rubber  samples  immersed  in  Turbo  Oil-15 
and  in  di-(2-ethylhexyl)  sebacate  at  350  F demonstrated  that,  after  500  hours, 
neither  of  the  aged  fluids  deteriorated  new  rubber  more  rapidly  than  when  it 
was  fresh.  Very  similar  results  were  obtained  on  rubbers  aged  in  these  two 
diester-t.ypv.  oils. 

Tests  performed  to  determine  the  increase  in  peroxide  content  of 
these  dicster  oils  at  350  F indicated  that  the  deterioration  of  both  these  oils 
occurs  only  in  the  presence  of  air. 
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Compounding  Hycar  40?.  1 


Hycar  4021  vulcamizates  were  developed  on  this  program  that  dis- 
played improved  resistance  to  aging  in  Turbo  Oil-15  at  350  F.  The  best 
compositions  possessed  properties  which  met  all  of  the  minimum  target 
specifications,  except  that  of  swelling.  The  lowest  swelling  results  ob- 
tained were  about  6 per  cent  higher  than  '.he  target  maximum  of  30  per  cent. 
Table  47  shows  data  for  the  best  compounds  arranged  in  order  of  in- 
creasing swelling  after  500  hours'  aging. 

Fillers  were  tound  to  be  one  of  the  most  important  compounding 
variables.  The  most  promising  stocks  were  prepared  with  Silene  EF  and 
Hi-Sil  (Batches  FA  -94,  ~95,  and  -98).  Philblack  A stocks  were  somewhat 
poorer  in  performance.  Ai  -tic r ease  in  the  Philblack  A content  from  40  to 
80  parts  showed  no  conslste».l  advantage.  When  using  ELC  Magnesia, 

Hi-Sil  C,  Philblack  O,  and  .Aerosil  as  a filler,  hot-oil-aged  properties  were 
about  equal  to  or  poorer  than  those  that  were  found  with  the  use  of  Philblack 
A. 


Several  vulcanizing  systems  were  evaluated,  the  best  ones  containing 
triethylene  tetramine  and  Tuads,  with  or  without  sulfur.  Two  optimum 
ratios  of  these  components  were  determined,  as  shown  in  Batches  PA-2 
and  PA-52.  When  the  vulcanizing  systems  Trimene  base  - sulfur  - Tuads, 
triethylene  teiramine  - sulfur  - Polyac,  or  triethyleuc  tetramine  - sulfur  - 
Monex  were  used,  inferior  aging  properties  resulted.  Long  cures  and  large 
amounts  of  vulcanizing  agent  were  also  found  to  improve  the  aged  properties. 

The  use  of  up  to  20  parts  of  Hycar  1091  with  Hycar  4021  increased 
the  aged  hardness,  but  otherwise  had  little  effect  on  properties. 

One  part  of  stearic  acid  was  found  to  be  the  optimum  amount  to  use  as 
a lubricant.  Acrawax  CT  and  lanolin  were  found  to  be  less  desirable  as 
lubricants. 

Compression  set  tests  on  the  best  stocks  indicate  a set  of  about  95  per 
cam  before  tempering  and  75  per  cent  after  tempering. 


Compounding  Acrylon  EA-5 


Acrylon  EA-5  Vttlc  *****  izates  show  considerable  promise  as  can  be  seen 
by  the  results  on  Batch  PA-83.  This  was  the  only  sample  tested  which  met 
the  specification  for  a maximum  of  30  per  cent  swelling  after  500  howrs'. 
However,  for  shorter  periods  of  aging  this  sample  exhibited  swell  in  excess 
of  this  amount. 
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A proper  balance  of  vulcanizing  agent  was  found  to  be  very  important 
with  this  polymer.  Unless  a correct  balance  was  used,  vulcanizates  were 
badly  undercured,  even  after  120  minutes  of  curing  time. 


Compounding  Miscellaneous  Polymers 


Limited  evaluations  were  made  on  Hycar  PA,  Acrylon  BA- 12, 
Philprene  VP,  and  silicones.  Resv.lt-  indicate  that  these  polymers  are 
completely  unsuited  for  this  application. 


PLANS  FOR  FUTURE  WORK 


This  project  has  been  extended  to  December  31,  1954,  to  provide  for 
additional  research  on  the  development  of  rubber  compositions,  that  will  be 
suitable  for  use  in  hot  oils.  The  e nphasis  is  to  shift  to  temperatures 
higher  than  350  F,  with  the  first  step  being  400  F. 

Future  work  on  this  project  will  involve  primarily  (1)  a limited 
amount  of  research  with  nitrile-type  rubber,  aimed  at  improving  the  crack 
resistance  of  this  rubber,  (2)  a.  continuation  of  the  compounding  studies 
with  the  acryiate-type  rubbers,  with  special  effort  directed  toward  reducing 
the  swell  of  this  type  rubber,  and  (3)  initiation  of  a compounding  study  on  a 
new  experimental  polymer,  known  as  FBA  (poly-1,  l-dihydroperfTuoro-butyl 
acrylate).  Specific  details  of  the  work  to  be  done  are  presented  in  the 
following  sections. 


Nitrile -Type  Rubber 


Extensive  compounding  studies  with  nitrile-type  polymers  have  dis- 
closed that  although  stocks  can  be  compounded,  which  display  low  swell  and 
good  retention  of  physical  properties  after  prolonged  exposure  to  diester- 
type  oils  at  350  F,  the  cracking  of  this  type  rubber  has  not  been  satisfactorily 
eliminated.  Only  meager  gains  in  this  direction  have  been  accomplished  by 
variations  in  fillers,  antioxidants,  curing  agents,  and  other  compounding  in- 
gredients. 

The  cracking  is  believed  to  be  an  inherent  characteristic  of  the  rubber, 
stemming  from  the  vulnerability  of  the  double  bonds  in  the  butadiene  portion 
of  the  rubber  molecule  to  oxidation.  This  belief  is  supported  by  aging  data 
which  indicate  that  cross  linking  and  chain  scission,  both  presumably  the 
result  of  oxidation,  occur  during  aging  of  the  rubber.  The  gradual  increase 
in  hardness  and  reduction  in  elongation  and  swell  is  evidence  of  cross 
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linking;  the  reduction  in  tensile  strength  and  cracking  indicate  oxidative 
chain  scission.  When  hot-oil  aging  was  conducted  in  ir-tignt  containers, 
there  was  less  degradation  of  both  these  types.  Th  nigher  amount  oi  swell 
and  the  tendency  for  surface  crazing  of  compounds  aged  in  closed  containers 
are  interpreted  as  evidence  of  chain  scission  occurring,  even  in  the  limited 
amount  of  air  present.  The  more  rapid  degradation  of  nitrile  rubber  in  air 
than  in  oil  for  72-hour-aging  tests  also  indicates  that  air  may  well  play  a 
dominant  role  in  the  deterioration  of  this  rubber. 

Further  evidence  that  the  unsaturation  of  nitrile  rubbers  promotes 
cracking  is  illustrated  by  the  fact  that  saturated  polymers,  such  as  the 
acrylates,  do  not  tend  to  crack  after  aging  at  350  F. 

Thus,  it  appears  that  the  elimination  of  cracking  in  nitrile  rubber 
compositions  would  involve  some  means  of  saturating  the  double  bonds  of 
the  rubber  without  cross  linking.  One  possible  method  of  accomplishing 
this  is  to  employ  a material  which  can  be  compounded  into  rubber  and 
perform  this  function.  Several  materials  of  this  type  are  under  investiga- 
tion at  this  time,  to  determine  if  this  is  a feasible  approach  to  the  problem. 

Other  possible  methods  of  reducing  unsaturaciou  include  (1)  hydro- 
genation and  (2)  polymerization  of  an  entirely  new  acrylonitrile-containing 
polymer,  which  has  a low  amount  of  unsaturation.  Hydrogenation  of 
butadiene  and  other  polymers  by  the  Phillips  Petroleum  Company  [Jones, 
Moberly,  and  Reynolds,  Ind,  Eng.  Chem.  , 45,  1117,  (May,  1953)]  led  to  the 
development  of  much  more  oxidation-resistant  polymers.  While  the  success- 
ful hydrogenation  of  nitrile-type  rubber  has  not  been  reported,  it  seems 
possible  that  such  a polymer  might  be  developed. 

The  polymerization  of  a unique  acrylonitrile-containing  polymer  having 
a low  amount  of  unsaturation  might  possibly  be  achieved  by  replacing  a por- 
tion of  the  butadiene  in  a butadiene-acrylonitrile  polymer  with  a monomer 
which  will  contribute  no  double  bonds  to  the  polymer.  The  product  should 
be  suitable  for  vulcanization  by  conventional  methods  employed  for  butyl 
rubber  or  other  diene -containing  polymers.  Cross  linking,  through  vul- 
canization, will  be  necessary  to  produce  a three -dimensional-type  structure. 
The  latter  is  required  to  produce  rubber-like  properties. 

While  all  these  approaches  to  the  problem  of  reducing  unsaturation  in 
nitrile  rubber  would  be  too  extensive  to  be  included  in  the  present  program, 
it  is  felt  in  at  “tudies  of  this  type  are  needed  before  this  type  rubber  can 
successfully  be.  used  in  hot  oils. 


Acrylate  Polymers 


Several  promising  leads  have  been  uncovered  and  will  be  further 
developed  in  order  to  obtain  the  best  possible  aged  properties  in  Hycar  4021 
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and  Acrylon  EA-5.  Particular  emphasis  will  be  placed  on  reducing  swell, 
as  this  is  the  one  property  which  does  not  meet  minimum  specifications. 
Past  work  has  shown  that  use  of  the  proper  ratios  of  vulcanizing  agents  in 
high  levels  and  employing  long  curing  times  results  in  tighter  cures  and 
reduces  swell.  These  leads  will  be  followed  further,  along  with  a study  of 
the  effect  of  increasing  the  curing  temperature. 

Further  work  with  fillers  also  will  be  undertaken.  Hi-Sil  and  Silene 
EF  are  the  most  promising  to  date  and  will  receive  further  attention. 
Several  experimental  types  of  Hi-Sil  and  Indulin  will  also  be  evaluated. 

Work  will  be  divided  about  equally  between  Hycar  4021  and  Acrylon 
EA-5  as  both  of  these  polymers  show  about  equal  promise.  Furthermore, 
blends  of  these  two  polymers  and  additional  blends  of  Hycar  1001  with 
Hycar  4021  are  now  under  test.  Samples  of  experimental  polymer.- •-  Hycar 
4021  x 26  and  Acrylon  EA-9  are  on  hand  to  be  tested. 

Limited  work  is  also  planned  on  plasticizer  evaluation  using  both  the 
extractible  and  nonextractible  types. 


FBA  Polymer 


A limited  experimental  program  is  planned  with  the  FBA  polymer 
{poly- 1- 1 -dihydroperfluorobutyl  acrylate),  produced  for  WADC  by  the 
Minnesota  Mining  and  Manufacturing  Company.  Preliminary  tests  at 
WADC  indicate  this  polymer  meets  all  the  minimum  requirements  for  use 
in  Turbo  Oil- 15  at  350  F.  With  their  work  as  a background,  an  effort  will 
be  made  to  improve  the  performance  of  this  polymer  and  to  extend  its  use- 
fulness to  higher  temperatures.  A limitation  on  this  work  at  Battelle  will 
be  the  amounts  of  this  polymer  that  will  be  m*i’e  available  for  study. 
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APPENDIX  A 


EXHIBIT  A TO  CONTRACT  NO.  AF  33(6l6)-  176 


I General  Description. 

A.  The  Contractor  shall  exert  his  best  efforts  toward  the  develop- 
ment and  physical  testing  of  a rubber  compound  suitable  for  fabrication 
into  seals,  gaskets,  hose  or  other  rubber  items  which  may  be  required  to 
withstand  the  action  of  synthetic  lubricants  and/or  hydraulic  fluids  at  ele- 
vated temperatures. 

B.  Modification  of  the  requirements  or  procedures  may  be  permitted 
if  such  changes  are  agreed  upon  by  the  Materials  Laboratory,  Wright  Air 
Development  Center,  and  the  Contractor. 

II  Detailed  Description. 

A.  The  rapid  introduction  of  synthetic  base  lubricants  and  hydraulic 
fluids  into  aircraft  applications  has  resulted  in  a growing  demand  for  elas- 
tomeric materials  suitable  for  retaining  these  lubricants  and  fluids,  par- 
ticularly at  elevated  temperatures.  Known  work  to  date  has  resulted  in 
compounds  exhibiting  reasonable  rubber-like  characteristics  for  periods 
only  slightly  in  excess  of  100  hours  under  simulated  service  conditions. 
Compounds  should  therefore  be  developed  with  the  end  products  in  mind  so 
as  to  produce  an  elastomer  with  properties  equaling  or  surpassing  the 
values  set  forth  in  the  following  paragraph.  Suggested  approaches  to  the 
problem  may  include  but  not  be  limited  to  the  following: 

1.  Extensive  evaluation  of  commercially  available  polymers 
and  polymer  blends 

Z.  Evaluation  and,  if  necessary,  development  of  high-tem- 
perature antioxidants 

3.  Study  of  unique  curing  systems  especially  designed  for 
high-temperature  applications 

4.  Preliminary  compounding  and  evaluation  of  commercially 
developed  experimental  polymers 

5.  Compounding  and  evaluation  of  Government-furnished  ex- 
perimental polymers 

6.  Limited-scale  polymer  development,  if  feasible 

7.  Consideration  of  oil  additives  which  may  inhibit  rubber 
deterioration. 

B.  Desired  properties  and  test  methods  are  as  follows: 

The  primary  objective  is  the  development  of  a rubber  which  will  re- 
tain satisfactory  physical  properties  after  use  in  synthetic  oils,  such  as 
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se^acates,  adipates,  etc.  , for  1000  hours  at  350  F.  This  is  the  minimum 
temperature,  and  although  a duration  of  1000  hours  at  this  temperature 
may  not  be  reached,  efforts  will  continually  be  directed  toward  obtaining 
a rubber  which  will  retain  satisfactory  properties  for  as  long  as  possible. 

Test  fluids  for  this  work  will  include  Esso  Turbo  Oil- 15,  and  other 
MIL-L-7808  oils  as  they  may  become  available. 

As  a secondary  objective  it  is  desired  that  a rubber  compound  be  de- 
veloped which  will  be  resistant  to  the  action  of  synthetic  hydraulic  fluids 
when  immersed  in  a test  fluid  at  400  F 550  F.  Test  fluids  will  be 
California  Research  No.  52742R  silicate  ester  base  fluid  and  such  others 
as  may  be  developed. 

Target  properties  for  compounds  to  be  used  in  synthetic  lubricants 
are  as  follows: 

Original  Properties 

Tensile  1000  psi  min 

Elongation  200%  min 

Shore  "A"  Hardness  50-80 

Low-temperature  flex-'bility  - may  be  ignored  during  initial  develop- 
ment. Ultimate  requirement  of  flexibility  at  -65  F should  be  given 
consideration  if  possible. 


Properties  After  Oil  Immersion  for  500-1000  Hours  at  350  F 


Tensile 
Elongation 
Shore  "A” 
Volume  change 
Appearance  - No 
flat  bend. 


500  psi  min 
100%  min 
50-90 
- 2 to  + 3 07o 

evidence  of  checking  or  cracking  after  180-degree 


Target  properties  for  compounds  intended  fcr  use  in  synthetic  hy- 
draulic fluids  : 


Original  Properties 


“Tensile 
Elongation 
Shore  "A" 


1500  psi  min 
200%  min 

60-  SO 


Low-temperature  flexibility  - Not  brittle  at -65  F (may  be  sacrificed 
for  exceptional  high- temperature  properties). 
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Properties  After  Immersion  in  Fluid  at  400  F for  100  Hours  and/or 
500  F for  10  Hours 


Tensile- 
Elongation 
Shore  "A" 
Volume  change 


1000  psi  min 
100%  min 
60-90 
0-10% 


When  applicable,  testing  shall  be  conducted  in  accordance  with 
Federal  Specification  ZZ-R-601  or  ASTM  Standards  on  Rubber  Products. 
Due  to  a lack  of  standardized  test  procedures  for  extreme  high- temperature 
evaluation,  consideration  should  be  given  to  developing  same. 


C.  The  materials  and  laboratory  equipment  required  in  the  perfor- 
mance of  this  contract  shall  normally  be  furnished  by  the  Contractor.  How- 
ever, in  the  event  that  a required  item  of  equipment,  not  readily  available 
to  the  Contractor,  is  available  at  the  Materials  Laboratory,  portions  of  the 
work  requiring  use  of  that  equipment  may  be  conducted  at  the  Materials 
Laboratory  by  mutual  agreement  between  the  Materials  Laboratory  and  the 
Contractor.  In  addition,  if  such  materials  as  are  necessary  to  the  perfor- 
mance of  this  contract  are  not  readily  available  to  the  Contractor  (e.  g., 
synthetic  oils),  an  attempt  will  be  made  by  the  Materials  Laboratory  to 
provide  a source  of  these  materials  for  the  Contractor. 


D.  Compounding  and  processing  of  the  various  batches  shall  be  as 
considered  necessary  or  desirable  to  produce  optimum  properties,  with 
the  exception  of  low- temperature  properties  as  noted  in  II- B above.  Com- 
plete formulation,  compounding,  and  processing  data  shall  be  included  in 
reports  submitted. 

E.  Samples  of  promising  developments,  in  the  form  of  three  (3) 
standard  tensile  slabs,  together  with  necessary  formulations,  compounding, 
and  processing  information  in  letter  form  shall  be  submitted  to  the  Ma- 
terials Laboratory,  Wright  Air  Development  Center,  as  they  become 
available  throughout  the  life  of  the  contract. 
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appendix  b 


DR  AWING  OF  ALUMINUM-BDOCK  HEATING  UNIT 
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B~3  and  B*4 


FIGURE  3.  ALUMINUM  AGING  BLOCK  FABRICATED  FROM  SHEET -METAL  INGOT 
CASTING 


APPENDIX  C 


DRAWING  OF  JIG  FOR  DETERMINING 
COMPRESSION  SET  IN  HOT  OIL 


WADC  TR  54-190 


i 


I 


r 

i 

T 

I 

I 

I 

! 

I 

I 


f 

I 

\ 

f 

r 

j. 

r 


0 

0 

0 

0 

1 


i *" 

4 


1 


3 

V ' 

r_ 


X*L 


a 


TT 

Ja, 


I 


"ET 

j=l 


-j-  x 3 ” toggle  bolt 
© 

with  6-32  nut 
^•x  l"  strop  iron 


Cnworii 

W ^ WW  I W 


Cross -hatched  area  indicates  samples 


Full  scale 


FIGURE  4.  JIG  FOR  DETERMINING  COMPRESSION  SET 
IN  HCT  OIL 
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APPENDIX  D 

LIST  OF  MATERIALS  AND  THEIR  SOURCE 
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.LIST 

Material 
Acrawax  CT 

Acrylon  BA- 12 

Acrylon  EA-  5 

Aerosil 
AgeRite  Alba 

AgeRite  Hipar 

AgeRite  Powder 
AgeRite  Resin  D 
Altax 

Alumina  hydrate 

Aluminum  oxide 

Aluminum  silicate 
Aminox 


OF  MATERIALS  AND  THEIR  SOURCE 


Composition 
Not  disclosed 


Copolymer  of  butyl  ac- 
rylate and  acrylonitrile 

Copolymer  of  ethyl  ac- 
rylate and  acrylonitrile 

Silica 

Hydroquinone  mono- 
benzvl  ether 

Mixture  of  phenyl- beta- 
naphthyl- amine,  p- 
isopropoxy  diphenyla- 
mine,  and  diphenyl- p- 
phenylene  diamine 

Phenyl-  beta-  naphthyl  - 
am  ine 

Polymerized  trimethyl- 
dihydroquinone 

I 

Benzothiazyl  disulfide 

Aluminum  oxide , hy- 
drated 

Aluminum  oxide 


Aluminum  silicate 

Reaction  product  of 
diphenylamine  and 
acetone 


Source 

Glyco  Products  Company, 
Incorporated 

American  Monomer  Cor- 
poration 

American  Monomer  Cor- 
poration 

Godfrey  L.  Cabot,  Inc.. 

R.  T.  Vanderbilt  Company 

Ditto 


II 


I I 


Westvaco  Chlorine  Prod- 
ucts Corporation 

J.  T.  Baker  Chemical 
Company 

Kraft  Chemical  Company 

Naugatuck  Chemical  Divi- 
sion, United  States 
Rubber  Company 
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Material 


Aniline 

Antox 

Barytes 

Benzal  chloride 

p-  Benzylamino- 
phencl 

B.  L.  E. 

t- Butyl  catechol 

Cadmium  oxide 

Calcene  TM 

Calcium  oxide 

Catechol 
Chemigum  N3NS 

o-  Cresol 
Dibudyl  sebacate 


Composition 

Aniline 


Condensation  product  of 
butyraldehyde  and 
aniline 

Barium  sulfate 


Benzal  chloride 
p-  Benzylaminophenol 


Mixture  of  a complex 
diarylamine- ketone- 
aldehyde  reaction 
product  and  n,  n'  - 
diphe  nyl-  p-  phe  nylen- 
diamine 

t-  Butyl  catechol 


C.~  urn  oxide 
Calcium  carbonEite 
Calcium  oxide 
Catechol 

Copolymer  of  butadiene 
and  acrylonitrile 

o-  Cresol 

Dibutyl  sebacate 


Source 


Distillation  Products  Indus- 
tries, Division  of  East- 
man Kodak  Company 

Rubber  Chemicals  Division, 
E.  I.  du  Pont  de  Nemours 
St  Company,  Incorporated 

Thompson,  Weinman  and 
Company,  Incorporated 

Fisher  Scientific  Company 

Distillation  Products  Indus- 
tries, Division  of  Eastman 
Kodak  Company 

Naugatuck  Chemical  Divi- 
sion, Uruted  States 
Rubber  Company 


Distillation  Products  Indus- 
tries, Division  of  East- 
man Kodak  Company 

J,  T.  Baker  Chemical 
Company 

Columbia-Southern  Chemi- 
cal Corporation 

J.  T.  Baker  Chemical 
Company 


The  Goodyear  Tire  8t 
Rubber  Company 


Rohm  St  Haa.s  Company 


Battelle 


Batteile 
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Material 

Composition 

Source 

Dibutvl  tin  maleate 

Dibutyl  tin  males. te 

Metal  & Thermit  Corpo- 
i ation 

2,  5- Dicyclohexyl 
hydroquinone 

2,  5- Dicyclohexyl 
hydroquinone 

Monsanto  Chemical  Com- 
pany 

Dinit  rcbenzene 

Dinitrobenzene 

J.  T.  Baker  Chemical 
Company 

Dis  Dclium  lead 
versenate 

Disodium  lead 
versenate 

Eersworth  Chemical 
Company 

Di-  te  rt-  butyl - 
parn-cresol 

Di-tert-butyl-para- 

cresol 

Battelle 

Dixie  Clay 

Kaolin 

R.  T.  Vanderbilt  Com- 
pany 

DPR  Synthetic  N-27 

Not  disclosed 

DPR,  Incorporated 

Dyphos 

Dibasic  lead  phos- 
phite 

National  Lead  Company 

Ethyl  teilurac 

Tellurium  diethyl- 
dithiocarbamate 

R.  T.  Vanderbilt  Com- 
pany 

Ethyl  Tuads 

Tetraethylthiuram 

disulfide 

Ditto 

Ferro  903 

Cadmium  stabilizer 

Ferro  Chemical  Corpo- 
ration 

Ferre  1820 

Barium  stabilizer 

Ditto 

Flectol  H 

Condensation  product  of 
acetone  and  aniline 

Monsanto  Chemical  Com- 
pany 

Flexol  R2H 

Polyester 

Carbide  & Carbon  Chem- 
icals Company 

Gilsonite 

Asphaltic  hydrocarbon 

Allied  Asphalt  & Mineral 
Corpora  tion 

Glyptal  Plasticiser 

Polymeric- type  piasti- 

General  Electric  Company 

2557  cizer 
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Ma  :erial 

Composition 

Source 

GMF 

p-Quinone  dioxime 

Naugatuck  Chemical  Divi- 
sion, United  States 
Rubber  Company 

GR-I  18 

Copolymer  of  isobutylene 
and  isoprene 

Rubber  Reserve  Company 

Hi-Sil 

Hydrated  silica 

Columbia-  Southe  r n 
Chemical  Corporation 

Hi-Sil  C 

Hydrated  silica 

Ditto 

Hycar  1000  >:  70 

Copolymer  of  butadiene 
and  acrylonitrile 

B.  F.  Goodrich  Chemical 
Company 

Hycar  1001 

Ditto 

Ditto 

Hycar  1002 

II 

II 

Hycar  1011  x 15 

II 

II 

Iiycar  1012  x 41 

If 

II 

Hycar  4021 

Copolymer  of  ethyl  ac- 
rylate and  chloroethyl 
vinyl  ether 

II 

Hycar  PA 

Polyethyl  acrylate 

II 

Hydroquinone 

Hydroquinone 

Mallinckrodt  Chemical 
Works 

2-Hydroxyquino-  2-Hydr  oxyquinoline 

line 


Distillation  Products  In- 
dustries, Division  of 
Eastman  Kodak  Company 


Lanoiin 


Refined  wool  fat 


Light  precipitated  Calcium  carbonate 

chalk 

Litharge  Lead  monoxide 


Lanatex  Products  Sales 
Company 

Thompson,  Weinman  and 
Company,  Incorporated 

National  Lead  Company 


Magnesia  (ELC)  Magnesium  oxide 


Michigan  Chemical  Cor- 
poration 
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Material 


Composition 


Source 


Magnesium  carbon- 
ate 

Magnesium  stearate 
Manganese  dioxide 

Mark  XI 
Mark  XX 
Methyl  Tuads 

Mica 

Micronex 

M'.ieral  rubber 

Monex 

ZV.T 

MDf 
1 \ O 

Neophax  A 

Neophax  D 
Neoprene  S 

N'  >zone  A 


Magnesium  carbonate 

Magnesium  stearate 

Manganese  dioxide 

Cadmium- barium  salt 

Epoxy  material 

Tetramethylthiuram 

disulfide 

Mica 

Medium  processing 
channel  black 

Bituminous  petroleum 
product 

Tetramethylthiuram 

monosulfide 

2-  Mercaptothiazoline 

Nickel  dibutyldithio- 
carbamate 

Vulcanized  vegetable  oil 
Ditto 

Polychloroprene 

Phenyl-  alpha-  naphthyl  - 
amine 


Michigan  Chemical  Cor- 
poration 

Witco  Chemical  Company 

J.  T.  Baker  Chemical 
Company 

Argus  Chemical  Company 
Ditto 

R.  T.  Vanderbilt  Com- 
pany 

Diamond  Alkali  Company 

Binney  & Smith  Company 

Witco  Chemical  Company 

Naugatuck  Chemical  Divi- 
sion, United  States 
Rubber  Company 

Rubber  Chemicals  Divi- 
sion. E.  I.  du  Pont  de 
Nemours  & Company, 
Incorporated 

Ditto 


Stamford  Rubber  Supply 
Company 

Ditto 

E.  I.  du  Pont  de  Nemours 
& Company,  Incorporated 

Ditto 
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Material 


Composition 


Source 


Nitrophenol 

Nonyl  phenol 
ODN  Plasticizer 
Paracril  AJ 

Paracril  B 
Paraplex  G-25 

Parazone 

PDA-  1 0 
Pentex 

Phenol 

Phenothiazine 
p- Phenyl  Phenol 
Philblack  A 
Philblack  E 
Philblack  O 
Philprene  VP 


Nitrophenol 

Nonyl  phenol 

Gctadecene  nitrile 

C op  ol ' finer  of  butadiene 
and  acrylonitrile 

Ditto 

Polyme  ric- type  plasti- 
cizer 

p -Phenyl  phenol 

Poly  diaryl  amine 

Tetrahutyl-  thiuram 
monosulfide 

Phenol 

Phenothiazine 

p- Phenyl  phenol 

MA.F  carbon  black 

SAF  carbon  black 

HAF  carbon  black 

Copolymer  of  buta- 
diene and  vinyl 
pyridine 


Distillation'Products  Indus- 
tries, Division  of  Eastman 
Kodak  Company 

Battelle 

Harwich  Chemical  Company 

Naugatuck  Chenical  Divi- 
sion, United  States 
Rubber  Company 

Ditto 

Rohm  & Haas  Company 

Rubber  Chemicals  Division, 
E.  I.  du  Pont  de  Nemours 
& Company,  Incorporated 

Benson  Process  Engineer- 
ing Company 

Naugatuck  Chemical  Divi- 
sion, United  States 
Rubber  Company 

J.  T.  Baker  Chemical 
Company 

The  Neville  Company 

Battelle 

Phillips  Chemical  Company 
Ditto 

tt 
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Material 


Composition 


Source 


Phloroglucinoi 
Pic  co  100 
Pic copale  . 
Plasticizer  SC 
Polya  c 

Polyester  HA- 5- A 
Polyrez  B 
PPO  375 
Propyl  gallate 

Pyrogallol 

Resorcinol 

RN-34 

Salol 

Santocure 


Phloroglucinoi  J.  T.  Baker  Chemical 

Company 

Para  coumarone-indene  Pennsylvania  Industrial 

resin  Chemical  Corporation 

Unsaturated  hydrocarbon  Ditto 

resin 


Glycol  ester  of  vegetable 
oil  fatty  acid 

Foly  p-dinitroso  benzene 

Resinous  alkyd-type 
plasticizer 

Polymerized  resin 
Not  disclosed 
Propyl  gallate 

Pyrogallol 
Resorcinol 
Epoxy  resin 


E.  F.  Drew  & Company, 
Incorporated 

E.  I.  du  Pont  de  Nemours 
& Company,  Incorporated 

C.  P.  Hall  Company 

Harwick  Chemical  Com- 
pany 

Wright  Air  Development 
Center 

Distillation  Products  In- 
dustries, Division  of 
Eastman  Kodak  Company 

J.  T.  Baker  Chemical 
Company 

E.  I.  du  Pont  de  Nemours 
& Company,  Incorporated 

Shell  Chemical  Corpora- 
tion 


Phenyl  salicylate  Monsanto  Chemical 

Company 

Condensation  product  Ditto 

of  mercaptobenzo- 
thiazole  and  c/clo- 
hexylamine 
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Source 


Material 
Santoflex  AW 

Santovar 

Santowhite 
Silene  EF 

Silicone  SE76 
Stabilizer  A- 5 

Standard  Micronex 

Statex  B 
Stearic  acid 
Sulfur 

Super  Multifex 

Talc 
Telloy 
Tetr  one 

Tetrone  A 

Thermax 

Titanium  dioxide 

Tnbasic  lead 
maleate 
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Composition 

6-Ethoxy-  1,2-  dihydro-2, 
2,  4- triethyl  quinoline 

Alkylated  polyhydroxy 
phenol 

Alkylated  phenol  sulfide 
Hydrated  calcium  silicate 

Silicone  gum 
Epoxy  resin 

Medium  processing 
channel  black 

Fine  furnace  black 

Stearic  acid 

Sulfur 

Coated  calcium  carbon- 
ate 

Magnesium  silicate 
Tellurium 

T ctrarr.ethylthiuram 
tetrasulfide 

Dipe  ntam  ethyl  ene- 
thiuram  tetrasulfide 

Medium  thermal  black 

Titanium  dioxide 

Tribasic  lead  maleate 


Monsanto  Chemical  Company 
Ditto 
Ditto 

Columbia- Southern 
Chemical  Corporation 

General  Electric  Company 

Carbide  & Carbon  Chemi- 
cal Corporation 

Binney  ft  Smith  Company 

Ditto 
1 1 

Stauffer  Chemical  Company 
Diamond  Alkali  Company 

Witco  Chemical  Company 

R.  T.  Vanderbilt  Company 

Rubber  Chemicals  Division, 
E.  I.  du  Pont  de  Nemours 
& Company,  Incorporated 

Ditto 

R.  T-  Vanderbilt  Company 
Witco  Chemical  Company 
National  Lead  Company 


D-8 


Material 

Composition 

Source 

Triethylene  tetra- 
mine 

Triethylene  tetramine 

Carbide  & Carbon  Chem- 
ical Corporation 

Trimene  base 

Reaction  product  of 
ethyl  chloride,  for- 
maldehyde, and 
ammonia 

Naugatuck  Chemical  Divi- 
sion, United  States 
Rubber  Company 

Triphenyl  phosphiti 

Triphenyl  phosphite 

Monsanto  Chemical  Com- 
pany 

Ethyl  Tuex 

Tetraethylthiuram 

disulfide 

Naugatuck  Chemical  Divi- 
sion, United  States 
Rubber  Company 

Vandex 

Selenium 

R.  T.  Vanderbilt  Com- 
pany 

Versene  (regular) 

Tetras odium  salt  of 
ethylene  diamine 
tetraacetic  acid 

Bersworth  Chemical 
Company 

Vixtanex  B-  100 

Polyis  obutylene 

Standard  Oil  Company  of 
New  Jersey 

Vultac  No.  2 

Alkyl  phenol  disulfide 

Sharpies  Chemicals, 
Incorporated 

Vultac  No.  3 

Alkyl  phenol  disulfide 

Sharpies  Chemicals, 
Incorporated 

Wingstay  S 

Not  disclosed 

The  Goodyear  Tire  & 
Rubber  Company 

W yex 

Easy  processing  channel 
black 

J.  M.  Huber  Corporation 

Zinc  oxide 

Zinc  oxide 

The  New  Jersey  Zinc 
Company 

Zinc  stearate 

Zinc  stearate 

J.  T.  Baker  Chemical 

Company 


\ 


\ 
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LITERATURE  SURVEY  ON  ACRYLATE  POLYMERS 


Types 


Acrylate  polymers  can  be  classed  in  three  groups  according  to  the 
monomers  used  in  their  production.  These  are  (l)  polyalkylacrylates, 

(2)  saturated  copolymers  of  an  acrylate  and  a second  monomer,  and  (3) 
unsaturatcd  copolvmers  of  an  acrylate  and  £.  second  monomer. 

Several  polyalkylacrylates  have  been  described  in  the  literature,  but 
only  polyethylacr ylate  has  reached  the  commercial  stage.  This  polymer, 
formerly  sold  by  B.  F.  Goodrich  Chemical  Company  as  Hycar  PA,  is  not 
now  available. 

Saturated  copolymers  of  an  acrylate  and  a second  monomer  are 
currently  the  most  important.  Much  more  has  been  written  about  this 
group,  and  the  three  commercial  acrylate  polymers  which  are  available 
today  are  in  this  group.  Most  work  has  been  done  with  ethyl  and  butyl 
acrylate,  while  the  second  monomer  has  usually  been  chloroethyl  vinyl 
ether,  acrylonitrile,  or  methacrylonitxile.  The  trade  names  of  polymers 
in  this  group  are  shown  in  Table  1. 

Unsaturated  copolymers  of  ethyl  acrylate  with  allyl  maleateU^), 
isoprene(H),  dimethylbutadiene  ),  and  twenty-six  other  unsaturated 
material*^'  ' have  been  described.  However,  as  far  as  is  known,  none 
of  these  are  available  commercially. 


Polvme  r ization 


Polyethylacr  ylate  can  be  polymerized  by  both  the  emulsion  and 
granular  processes.  These  methods  have  been  described  in  detail  in  the 
literature  (9)(13)  Saturated  acrylate  copolymers  can  also  be  prepared  by 
emulsion  polymerization.  Pilot- plant  production  of  Lactoprene  EV  has  been 
described  in  great  detail(^),  and  work  has  been  recorded  on  the  polymeri- 
zation of  acrylates  with  acrylonitrile 0 )(•*).  Unsaturated  copolymers  have 
received  less  attention,  but  have  been  polymerized  and  reported(l  1 )(1 2) , 


Compounding 


The  effect  of  compounding  ingredients,  except  for  accelerators,  has 
been  mentioned  only  briefly  by  previous  investigators.  Polyethylac r ylate 
(Hycar  PA)  compounding  has  been  described  by  Goodrich'*/.  This  company 
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TABLE  1.  DESCRIPTION  AND  SOURCE  OF  ACRYLATE  POLYMERS 


Source 

Type  Polymer 

United  States 
Department  of 
Agriculture 

B.  F.  Goodrich 
Chemical 
Company 

American 
Monome  r 
Corporation 

Polymer  of  ethyl 
acrylate* 

- 

Hycar  PA 
(Hycar  PA-  11) 

- 

Copolymer  of  ethyl 
acrylate  and 
chloroethyl  vinyl 

pfJlP  T* 

Lactoprene  EV 

Hycar  4021** 
(Hycar  PA-21) 
(Hycar  PA-31) 

Copolymer  of  ethyl 
acrylate  and 
acrylonitrile 

Lactoprene  EN 

Acrylon  EA- 5** 

Copolymer  of  butyl 
acrylate  and 
acrylonitrile 

Acrylon  BA-  12** 

• Identified  by  Goodrich  as  "an  elastomeric,  polymer  of  an  acrylic  acid  ester"  , but  aciuaily  as  "ethyl 
acrylate  polymer"  by  Dietz  and  Hansen^). 

• • Indicates  polymers  currently  available.  Numbers  in  parentheses  are  obsolete  designations. 
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has  also  published  a very  complete  booklet  on  the  compounding  of  Hycar 
4021  (ethyl  acrylate-  chloroethyl  vinyl  ether  copolvmer)(^).  The  effect  of  a 
variety  of  plasticizers  in  Lactoprene  EV  (comparable  to  Hycar  4021)  has 
been  clescr’bedO  ^).  Except  for  the  three  publications  listed  above,  no 
literature  of  significance  has  been  noted  on  the  effect  of  compounding  in- 
gredients. 


Vulcanization 


Vulcanization  of  acrylate  polymers  has  been  studied  and  reported  by 
approximately  a dozen  authors.  For  this  discussion,  the  acrylate  polymers 
will  be  broken  down  into  four  classes,  namely,  (l)  polyethylacrylate,  (2) 
copolymers  of  ethyl  acrylate  and  chloroethyl  vinyl  ether  (e.g.,  Hycar  4021), 
(3)  other  saturated  copolymers  of  an  acrylate,  and  (4)  unsaturated  copoly- 
mers of  an  acrylate. 


Polyethylacrylate.  Vulcanization  of  polyethylacrylate  has  been 
studied,  but  it  is  only  recently  that  the  theory  behind  this  vulcanization 
has  been  explained.  According  to  Semegen(i5),  two  molecules  of  the  ethyl 
acr/late  form  a Claisen  type  of  condensation  and  split  off  an  alcohol  group. 
This  reaction  is  accelerated  by  basic  materials,  and  it  will  be  noted  that 
most  of  the  recommended  accelerators  are  basic.  The  earliest  publica- 
tion(14)  recommended  quinone  dioxime  (CMF)  and  benzoyl  peroxide  as  curing 
agents,  but  reported  unsatisfactory  results  for  a Captax- sulfur- Tuads  cure. 
Later,  it  was  reported(^)  that  trie  thylcne  tetramine  with  stearic  acid  gave 
good  cures,  while  Trimene  base  showed  no  inclination  to  cure.  Goodrich^) 
reported  that  the  most  heat-resistant  cures  were  obtained  with  a mixture 
of  hydrated  lime  and  sodium  metasilicate  pentahydrate.  A mixture  of 
litharge  and  a thiazole  accelerator  showed  less  heat  resistance.  Only  re- 
cently, a series  of  patents  was  issued  to  SemegenC*  ^)(l  00  ®)  listing  many 
basic  sodium  compounds  which  vulcanize  polyethylacrylate.  These  com- 
pounds were  further  descrioed  in  a paper  by  the  same  author 0®),  and  include 
sodium  metasilicate  pentahydrate,  sodium  metasilicate  monohydrate,  so- 
dium hydroxide,  sodium  orthovandate,  and  sodium  stannate.  The  author 
reports  that  the  potassium  and  lithium  compounds  also  work,  but  less  effec- 
tively than  the  sodium  compounds. 


Copolymers  of  Ethyl  Acrylate- Chloroethyl  Vinyl  Ether.  The  vulcani- 
zation of  copolymers  of  this  type,  represented  by  4021  and  Lactoprene  EV, 
has  been  extensively  studied  with  encouraging  results.  This  type  copolymer 
has  two  mechanisms  for  vulcanization.  The  acrylate  groups  can  condense, 
as  in  the  case  of  the  polyethylacrylate.  Therefore,  all  accelerators  xor 
polyethylacrylate  should  also  be  effective  with  this  type  of  polymer.  In  ad- 
dition, Hycar  4021  has  an  active  chlorine  group  which  can  be  used  in  the 
vulcanization.  Thus,  compounds  which  vulcanize  the  Hycar  4021  are  not 
necessarily  effective  with  polyethylacrylate  (Hycar  PA). 
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Six  distinct  types  of  curing  systems  nave  been  recognized  which  can 
vulcanize  through  the  halogen  groupO^).  These  are  (1)  quinone  dioxime 
and  red  lea.d,  (2)  sulfur,  alone  or  in  combination  with  sulfur- liberating 
compounds,  (3)  peroxides,  (4)  dinitrobenzene  and  lead  oxides,  (5}  poly- 
merized dinitrosobenzene  (Polyac),  and  (6)  amines.  Of  these  six  types, 
only  three  are  reported  in  the  literature  as  giving  vulcanizates  with  good 
heat  resistance.  Sulfur  and  sulfur-liberating  compounds  are  highly  recom- 
mended, with  Monex(®)  and  Tuads  (8)  being  most  highly  rated.  Amines  such 
as  triethylene  tetramine  and  Trimene  base,  and  polymerized  dinitroso- 
benzene (Polyac) (®)  give  heat-resistant  vulcanizates.  The  quinone  dioxime- 
red  lead  combination  is  reported  to  give  vulcanizates  with  poor  properties 
after  air  aging  at  300  F,  due  to  the  continued  accelerator  action  of  the  red 
lead(2)(5).  No  mention  has  been  found  of  the  effect  of  peroxides  or  dinitro- 
benzene on  the  heat  aging  of  vulcanizates. 

Sulfur  and  sulfur-liberating  compounds  act  quite  differently  than 
amines  in  vulcanizing  Hycar  4021.  Amines  give  rapid  cures  which  tend  to 
revert  on  continued  heat  aging.  On  the  other  hand,  sulfur  compounds  give 
much  slower  cures,  but  retain  their  properties  better  after  heat  aging. 
Generally,  a mixture  of  an  amine  and  a sulfur  compound  is  used  to  obtain 
the  best  balance  between  curing  time  and  hot-air  resistance (®).  For  ex- 
ample, Goodrich  suggests  that,  for  a compound  with  good  heat  resistance, 
the  vulcanization  system  be  3.0  parts  Trimene  base  +0.5  part  sulfur(^). 


Other  Saturated  Acrylate  Copolymers.  Vulcanization  of  this  class  of 
copolymers,  which  includes  types  other  than  Hycar  4021  and  Lactoprene  EV, 
has  also  been  studied.  In  this  group  are  copolymers  of  an  alkyl  acrylate 
in  which  the  second  monomer  may  be  acrylonitrile  or  another  acrylate, 
either  alkyl  or  aryl.  The  curing  system  most  frequently  mentioned  as 
giving  heat-resistant  vulcanizates  is  a triethylene  tetramine- sulfur 
m’xture(3)(14).  However,  quinone  dioxime  (GMF)  and  benzoyl  peroxide 
have  also  been  mentioned  as  giving  good  cures(14)(l 9),  Sulfur- Captax- Tuads 
vulcanizates  ranged  from  very  good  to  very  poor,  depending  upon  the  co- 
monomer used  with  the  alkyl  acrylate(^).  A recent  patent (20)  nsts  a 
variety  of  compounds  which  may  be  used  tc  vulcanize  the  saturated  copoly- 
mers, although  no  mention  is  made  of  the  heat  resistance  of  the  vulcanizates 
obtained.  The  curing  agents  listed  in  this  patent  are  sulfur,  alone  ~~  in 
combination  with  aldehyde  amines,  guanidines,  thiazoles,  thiuram  sulfides, 
and  dithiocarbamates. 


Unsaturated  Acrylate  Copolymers.  Vulcanization  of  these  copolymers 
has  received  much  less  attention.  Combinations  of  quinone  dioxime, 
quinone  dioxime  dibenzoate,  red  lead,  and  lead  peroxicie  produced  better 
vulcanizates  than  did  sulfurl*^).  However,  combinations  of  mercapto- 
benzothiazole,  sulfur,  and  Tuads  also  cured  this  type  of  poiymer(M). 
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FIGURE  5.  EFFECT  OF  TRIETHYLENE  TETRAMINE -SULFUR  - TUADS  RATIO  ON  TENSILE 
STRENGTH  AFTER  AGING  IN  ESSO  TURBO  OIL -15  !68  HOURS  AT  350  F 


FIGURE  6.  EFFECT 
AFTER 
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TABLE  4.  THE  EFFECT  OF  LOW  LOADINGS  CF  VARIOUS  CARBON 
BLACKS  ON  THE  AGING  PROPERTIES  OF  HYCAR  WC1 
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F-9  and  F-10 


EFFECT  OF  VARIOUS  MAGNESIA- 


Phyr.lcal  Properties  After 
Air  Aging  '/2  Hour*  of  350  F 


Hardness, 
Shore  A 

E langat  ion, 
per  cent 

Ton*  ile 

Strength, 

psi 

Crock 

Resistance 

96 

30 

860 

Cracked 

98 

10 

880 

Cracked 

98 

10 

870 

Cracked 

98 

10 

810 

Cracked 

99 

10 

800 

Cracked 

PHILBLACK  0 LOADINGS  ON  HYCAR  KOI 


Physical  Properties  After 
Aging  in  fc**o  Turbo  Oil*  15  72  Hours  ot  350 


Swell, 
per  cent 

Hardness, 
Shore  A 

E longat  i in, 
per  cent 

Tensile 

Strength, 

psi 

Cro<~U 

Resistance 

17.8 

77 

OCfi 

LvU 

1790 

Crazed 

24.6 

81 

130 

1090 

Cracked 

217 

83 

70 

650 

Cracked 

19,0 

86 

50 

500 

Cracked 

9.2 

92 

40 

600 

Cracked 

Physical  Properties  After 
Aging  in  Esso  Turbo  Oil- 15  lt>9  Hours  ot  350 


Swell, 
per  cent 

Hardness, 
Shore  A 

E longation, 
per  cent 

Tensile 

Strength, 

psi 

Crack 

Resistanc* 

16.2 

83 

130 

1240 

Cracked 

22.7 

88 

70 

800 

Cracked 

20.4 

88 

30 

490 

Cracked 

17.3 

88 

20 

420 

Cracked 

8.7 

95 

20 

480 

Cracked 
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TABLE  6.  T«fc  EFFECT  Of  ZiNC  OXIDE  AND 


Physical  Prapert*-?  Attar 

Original  Physical  Properties  Air  Aglnf  72  Hours  of  350  F 

Tensile  Tensile 


Rac  ipa 
No. 

Pillar  (s) 

Lood!ng, 

P.‘* 

Herd  ness. 
Shore  A 

Elongation, 
par  cant 

Strength, 

psl 

Hardness, 

Shl>fr>  A 

Elo  ngotian, 
par  cant 

Strength, 

p * 1 

Crock 

Resistance 

A- 19 

Zil'lC  OXiuc 

5 

42 

550 

325 

87 

10 

310 

Cracked 

A-20 

Zinc  oxide 

103 

58 

580 

700 

92 

20 

450 

Cracked 

A-21 

Magnesia  (ELC) 

5 

45 

500 

340 

87 

10 

450 

Cracked 

A-22 

Zinc  oxide 

5 

46 

520 

460 

85 

20 

300 

Cracked 

Magnesia  (ELC) 

5 

A-23 

Zirc  oxide 

5 

76 

360 

2125 

95 

60 

1025 

Crackee 

Magnesia  (ELC) 

100 

A- 69 

Zinc  exile 

5 

47 

670 

1160 

85 

10 

570 

Cracked 

Magnesia  (ELC) 

25 

A- 70 

Zinc  oxide 

25 

43 

GOO 

1325 

86 

10 

480 

Cracked 

Magnesia  (ELC) 

25 

A-71 

Zinc  oxide 

50 

50 

610 

1480 

87 

10 

580 

Cracked 

Magnesia  (ELC) 

25 

A- 7 2 

Zinc  oxide 

50 

38 

62Q 

1580 

91 

10 

570 

Ciacked 

Magnesia  (ELC) 

50 

A-G8 

Zinc  oxide 

5 

5? 

640 

1670 

88 

40 

520 

Cracked 

Magnesia  (ELC) 

50 

A-67 

Zinc  oxide 

5 

62 

630 

2290 

91 

50 

580 

Crackea 

Magnesia  (ELC) 

75 

Zinc  stearate 

2 

A-96 

Zinc  oxide 

5 

75 

615 

2340 

95 

60 

600 

Cracked 

Magnesia  (ELC) 

100 

Zinc  stearate 

2 

A-97 

Zinc  oxide 

5 

73 

630 

1875 

53 

70 

550 

Cracked 

magnesia  (ELC) 

100 

Zinc  stearate 

5 

A-98(2> 

Zinc  oxide 

5 

73 

600 

2120 

94 

70 

t50 

Cracked 

Magnesia  (ELC) 

• nr 
1UU 

Zinc  stearate 

2 

(1)  Compounds  A-]?  *hrough  A-23  wo ra 

agad  in  c Irculating-air  ovan;  compounds 

A-67  through  A-7T.',  or.«  A- 

« / « i.  , i 

’» o •••  » wgn 

A-93,  were 

ogad  In  aluminum-block  hooter. 

(Z  Methyl  Tuods  reploced  by  Ethyl  Toads  In  Compound  A-98. 


Boss  Recipe:  Ingrad ionts 


Port*  by  Weight 


Hycor  1001 
Staorlc  ncid 
Sulfur 

Methyl  Tuods 
Zinc  oxida 
Magnesia  (ELC) 
Zinc  staorota 


100 

1,5 

0.5 

0.25 

As  indicotad 
As  indicotad 
As  indict!  ad 


Cura:  60  minutas  ot  298  P. 
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MAGNESiA  ON  AGING  PROPERTIES  OF  HYCAR  1001 


Physjcol  Properties  After  Physical  Properties  After 

Aging  in  Etta  Turba  Oil-  75  72  Hour*  ot  350  ^ Aging  in  Fssa  Turbo  Oil-15  168  Hour*  at  350  F^ 


Swell, 
per  cent 

Hardne**, 
Shore  A 

E long  at  ion, 
per  cent 

T ensile 
Strength, 
pti 

Crock 
Res  istance 

Swell, 
per  cent 

Hardness, 
Share  A 

Elongation, 
per  cent 

Tensile 

Strength, 

psl 

Crack 

Resistance 

18.4 

36 

210 

50 

Cracked 

15.2 

43 

180 

30 

Cracked 

15.2 

55 

300 

500 

Cracked 

13.9 

62 

160 

530 

Cracked 

24.4 

39 

140 

50 

Cracked 

22.2 

42 

100 

20 

Cracked 

24.0 

39 

170 

90 

Cracked 

24.4 

42 

140 

10 

Cracked 

17.0 

73 

200 

2425 

^Crazed 

17.7 

73 

160 

2400 

Cracked 

24.4 

•48 

180 

140 

Crazed 

r 

Z.  J.J 

55 

20 

160 

Cracked 

216 

50 

200 

220 

Crazed 

19.7 

60 

80 

240 

Cracked 

19.7 

54 

240 

280 

Crazed 

20.2 

59 

130 

240 

Cracked 

19.2 

62 

240 

590 

Crazed 

15.9 

78 

30 

350 

Cracked 

20.4 

55 

250 

440 

Crazed 

20.0 

65 

140 

330 

Cracked 

20.1 

62 

280 

650 

Crazed 

17.1 

71 

150 

380 

Cracked 

20.6 

65 

290 

770 

Crazed 

17.2 

79 

100 

400 

Cracked 

27.5 

53 

230 

320 

Crazed 

23.2 

59 

150 

280 

Cracked 

18.6 

67 

280 

980 

Crazed 

16.6 

73 

140 

640 

Cracked 
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TABLE 

7.  THE 

EFFECT  OF 

VARIOUS 

RfCipO 

Na. 

Magnasia 

(ELC), 

pKr 

Original  Physical  Properties 

Phyiical  Properties  After 
Air  Aging  72  Hours  at  350  F 

Hardness, 
Shore  A 

Elonga- 
tion, 
per  cent 

Tensile 

Strength, 

psl 

Hardness, 

share  A 

E lango- 
tion, 
per  cent 

Tensile 

Strength, 

psi 

Crack 

Resistance 

A-23 

100 

77 

410 

1810 

96 

30 

860 

Cracked 

A- 123 

125 

91 

300 

2530 

100 

30 

1040 

Cracked 

A-124 

150 

94 

290 

2720 

95 

20 

1250 

Cracked 

A- 125 

175 

100 

260 

3210 

100 

20 

1320 

Cracked 

(1)  Aged  in  aluminum-block  heater.  Bait  Rocipo:  Ingredients  Parts  by  Weight 


Hycer  1001  100 

Zinc  axido  5 

Stearic  acid  1.5 

Sulfur  0.5 

Methyl  Tuads  0.25 

Magnesia  (ELC)  As  indicated 


Curo:  60  minutes  at  298  F. 
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LOADINGS  OF  ELC  MAGNESIA  OH  HYCAR  1001 


°hy  sica 
in  Esso  Tu? 

1 Properties  After  /.^Ing 
to  01  MS  72  Hour,  at  350  F 

Physicol  Properties  After  Aging 
in  E»«a  Turba  Oil-15  168  Hours  et  350 

Swell, 
per  cent 

Hardness, 
Shore  A 

E Ion ga- 
tion, 
per  cent 

Tens!  le 

S*'^n  Jth. 

psi 

Crack 

Resistance 

Swell, 
per  cent 

Hardness, 
Shore  A 

Elr.r.go- 
tion, 
per  cent 

Tensile 

Strength. 

psi 

Crack 

Resistance 

17.8 

77 

250 

1790 

Crazed 

16.2 

83 

130 

1240 

Cracked 

21.1 

90 

130 

2280 

Crazed 

18.8 

88 

80 

1440 

ui  ov.r.w  u 

18.0 

91 

100 

248U 

Crazed 

17.3 

94 

50 

1460 

Cracked 

7.6.1 

99 

120 

3130 

Pre-j-eH 

V*  Wbvu 

16.7 

100 

50 

1980 

Crazed 
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TABLE  8. 


THE  EFFECT  OF  MONBLACK  FILLERS 


Recipe 

No. 

Fill*:  s 

Lood  ingf 
phr 

Original  Physical  Properties 

Physicol  Properties  After 
Air  Aging  72  Hours  ot  350  F 

Hordness, 
.Shore  A 

E iangatian, 
per  cent 

Tensile 

Strength, 

psi 

Hordness, 
Shore  A 

E longati  on, 
per  cent 

Tensile 

Strength, 

psi 

Crock 

Resistance 

A -88 

Alumina  hydrate 

50 

60 

740 

2070 

93 

10 

510 

Cracked 

A -89 

Alumina  hydrate 

too 

98 

600 

2170 

100 

10 

7193 

Cracked 

A-105 

Aluminum  oxide 

too 

65 

540 

370 

92 

10 

480 

Cracked 

A-117 

Aluminum  oxide 

150 

73 

600 

390 

94 

10 

660 

Ctacked 

A -92 

Aluminum  silicate 

50 

51 

600 

475 

83 

10 

540 

Cracked 

A -93 

Aluminum  silicate 

too 

60 

730 

750 

87 

30 

530 

Cracked 

A -99 

Baiytes 

too 

55 

570 

330 

88 

10 

620 

Cracked 

A-lil 

Barytes 

150 

56 

680 

310 

86 

10 

650 

Cracked 

A-10G 

Calcene  TM 

103 

64 

720 

1150 

80 

130 

390 

Cracked 

A-118 

Calcene  TM 

153 

74 

700 

1120 

88 

120 

630 

Cracked 

A-102 

Dixie  Clay 

100 

73 

670 

7120 

86 

60 

o^n 

Cracked 

A 114 

Dixie  Clay 

150 

80 

390 

1630 

93 

30 

910 

Cracked 

A-84 

Hi-Sil  C 

50 

51 

740 

2490 

95 

20 

750 

Cracked 

A-8G 

Hi-Sil  C 

100 

96 

650 

2450 

100 

lu 

2150 

Cracked 

A-101 

Light  precipitated  chalk 

100 

66 

580 

600 

84 

10 

580 

Cracked 

A 113 

Light  precipitated  chalk 

150 

78 

520 

660 

91 

10 

570 

Cracked 

A-103 

Litharge 

100 

57 

720 

770 

81 

70 

350 

Cracked 

A-115 

Litharge 

150 

61 

800 

1120 

85 

90 

490 

Cracked 

A-94 

Magnesium  carbonate 

50 

48 

710 

1350 

90 

10 

540 

Cracked 

A 95 

Magnesium  carbonate 

100 

50 

760 

1160 

88 

20 

460 

Cracked 

A 104 

Mica 

10G 

73 

540 

920 

89 

60 

830 

Cracked 

A-116 

Mica 

150 

85 

290  . 

940 

93 

30 

1040 

Cracked 

A -85 

Silene  EF 

50 

b0 

570 

1675 

92 

10 

550 

Cracked 

A 87 

Silene  EF 

100 

78 

585 

2085 

99 

10 

1030 

Cracked 

A -90 

Super  multifex 

50 

50 

730 

1060 

89 

10 

440 

C.acked 

A-91 

Super  multifex 

100 

61 

615 

1645 

94 

30 

520 

Cracked 

A- 100 

Ti02 

100 

56 

6?0 

860 

90 

10 

500 

Cracked 

A 112 

Ti02 

150 

60 

730 

980 

92 

10 

570 

Cracked 

W ADC  TR  54-190 
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ON  THE  AGING  PROPERTIES  OF  HYCAR  1001 


Physical  Properties  After  Physical  Properties  After 

Aging  in  F s»o  Turbo  0 i 1-1 5 72  Hour s of  350  F ( O Ag ing  in  E sto  Turbo  Cil*  15  1 68  Hours  ot  350  M 


Swell', 
per  cent 

Haraness, 
Shore  A 

t longc.tton, 
per  cent 

Te  silo, 
Strength, 
psi 

C'ock 

Resistance 

Swell, 

par  cant 

Hardness, 
Shore  A 

E longatian, 
per  cant 

Tensile 

Strength, 

psi 

Crack 

Resistance 

10.6 

75 

170 

580 

Cracked 

9.3 

TO 
/ u 

130 

480 

Cracked 

6.0 

99 

100 

1650 

Cracked 

3.0 

Aft 
j j 

10 

1100 

Cracked 

12.6 

58 

200 

130 

Cracked 

11.7 

70 

10 

310 

Cracked 

12.1 

68 

190 

230 

Cracked 

10.1 

72 

40 

400 

Cracked 

13.5 

55 

200 

100 

Cracked 

11.9 

71 

10 

430 

Cracked 

11.3 

64 

250 

250 

Cracked 

10.5 

77 

20 

330 

Cracked 

13.2 

52 

130 

50 

Cracked 

12.0 

64 

10 

160 

Cracked 

10.7 

57 

190 

120 

Cracked 

9.8 

66 

10 

320 

Cracked 

14.2 

54 

330 

150 

Cracked 

12.8 

77 

10 

'■  340 

Cracked 

14.0 

59 

380 

300 

Cracked 

13.0 

67 

130 

260 

Cracked 

10.5 

75 

100 

1040 

Cracked 

9.9 

83 

50 

530 

■ Cracked 

8.6 

81 

70 

1410 

Cracked 

7.9 

88 

40 

760 

Cracked 

13.2 

80 

190 

930 

Cracked 

12.0 

85 

100 

590 

Cracked  . 

6.8 

98 

20 

2160 

Cracked 

6.3 

100 

10 

1730 

Cracked 

13.5 

55 

240 

120 

Cracked 

12.3 

66 

10 

220 

Cracked 

12.0 

69 

220 

330 

Cracked 

11.1 

75 

60 

430 

Cracked 

73.5 

70 

10 

250 

Cracked 

67.3 

35 

10 

530 

Cracked 

127.7 

65 

0 

30 

Cracked 

117. B 

75 

10 

240 

Cracked 

16.0 

65 

70 

200 

Cracked 

16.5 

80 

20 

580 

Cracked 

22.9 

45 

300 

120 

Cracked 

22.4 

54 

100 

120 

Cracked 

10.7 

80 

80 

500 

Cracked 

11.1 

80 

70 

540 

Cracked 

9.3 

84 

60 

880 

Cracked 

8.4 

89 

30 

8/0 

Cracked 

12.8 

72 

180 

580 

Cracked 

12.8 

72 

!3C 

430 

Cracked 

11.6 

88 

130 

1030 

Cracked 

10.5 

94 

60 

6/0 

Cracked 

17.0 

52 

240 

130 

Cracked 

14.9 

70 

10 

410  * 

Cracked 

15.9 

60 

04O 

420 

Cracked 

15.2 

68 

140 

270 

Cracked 

14  5 

54 

240 

170 

Cracked 

12.8 

63 

40 

230 

Cracked 

12.6 

60 

380 

320 

Cracked 

12.1 

70 

130 

310 

Cracked 

W ADC  TR  54-190 
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TABLE  3 


Physical 

Original  Physical  Properties  Aging  in  Penala 


Recipe 

Na. 

Fillers 

L aading, 
phr 

/ 

H ardness, 
Shore  A 

fc.  longatian 
per  csn 

T ensile 
Strength, 
P*i 

S~.ll, 

per  cent 

Hardness, 
Share  A 

A-216 

Aerosil 

20 

58 

710 

1680 

14.9 

68 

A-233 

Aerosil 

50 

83 

640 

3010 

12.7 

90 

A-21  / 

Aerosil 

100 

100 

340 

4230 

10.5 

100 

A oa  a 
n* 

LM-3  Coaterl  Hi-Sil  C 

50 

81 

730 

3050 

12.9 

89 

A-235 

LM-3  Coated  Hi  Sit  ?. 

100 

100 

490 

2430 

88 

100 

A 236 

Gilsomte 

50 

70 

630 

2160 

32.9 

62 

A 237 

Gilsonite 

100 

76 

590 

1670 

45.1 

55 

(1)  Age -1  In  aluminum-black  heater. 

Base  Recipe:  Ingredients 

Tarts  by  Weight 

Hycar  1001 
Zinc  axide 
Steoric  acid 
Sulfur 

Methyl  Tuads 
Filler 


100 

5 

1.5 

0.5 

0.25 

As  indicated 


Cure:  60  minutes  at  298  F. 


W ADC  TR  54-190 
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(Continued) 


P roperties  After 
T ur'ffu  Oil- 15  72  Hours  at  350  P 

Ph'sicot  Properties  After 
Aging  in  Penolo  Turbo  Oil-1 5 168  Hours  ot  350  F 

E longotion, 
per  cent 

T ensite 
Strength, 
psi 

Crock 

Resistance 

Swell, 
per  cent 

Hardness, 
Shore  A 

E longotion, 
per  cent 

T ensile 
Sire  r.gth, 
psi 

Crack 
Re  z isfarco 

190 

333 

Cracked 

13.9 

77 

20 

370 

Cracked 

160 

900 

Craved 

11.0 

94 

30 

630 

Cracked 

30 

1420 

Cracked 

9.7 

99 

20 

1330 

Cracked 

190 

1200 

Crazed 

11.9 

92 

120 

840 

Cracked 

40 

1430 

Cracked 

7.8 

100 

20 

1460 

Cracked 

290 

740 

Crazed 

35.3 

71 

130 

390 

Cracked 

290 

480 

Crazed 

50.7 

65 

90 

290 

Cracked 

W ADC  TR  54-190 
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TABLE  9.  THE  EFFECT  OF  7HIURAM  POLYSULFIDE  CURING  SYSTEMS  ON  AGING  PROPERTIES  OF  KYCAR  1001 


TABLE 

10.  A 

STUDY 

OF  LOW-SULFUR 

AND  NONSULFUR 

Recipe 

Na. 

C jnng-Sy  item 
Ingredient 

Lc  C'iir.-i 

phr 

Criginol  Physical  Properties 

Physical  Properties  After 
Air  Aging  72  Hours  at  350  F 

Hardnes  %, 
Shore  A 

Elongc* 

tion, 

per  cent 

Ten«iln 

Strength, 

psi 

Hardness, 
Share  A 

Elonga- 
tion, 
per  cent 

Tensile 

Strength, 

psi 

Crack 
Resi  stance 

A- 23 

Methyl  Tuads 

0.25 

n 

630 

1875 

96 

30 

860 

Cracked 

Sulfur 

0,5 

A-126 

Methyl  Tuads<2) 

4.0 

80 

580 

3240 

97 

60 

880 

Cracked 

i 

A- 127 

Methyl  Tuads 

2.0 

80 

560 

3130 

96 

50 

1060 

I 

Cracked  J. 

Vandex 

1.0 

A- 128 

Methyl  Tuads 

2.0 

73 

580 

2610 

97 

60 

930 

Cracked 

Telloy 

1.0 

A- 13  3 

Methyl  Tuads 

3,0 

80 

710 

3330 

97 

30 

990 

Cracked 

Telloy 

0,5 

A-134 

Methyl  Tuads 

3.0 

82 

690 

3090 

98 

20 

940 

Cracked 

Telloy 

1.0 

A-135 

Methyl  Tuads 

3.0 

83 

630 

3100 

100 

50 

980 

Cracked 

Vandex 

0.3 

s 

A-136 

Methyl  Tuads 

3.0 

82 

610 

2800 

99 

40 

930 

Cracked  # 

Vandex 

0.6 

I 

A- 137 

Litharge 

1.5 

80 

530 

2130 

97 

70 

880 

Cracked 

Sulfur 

0.5 

T 

Altax 

1.0 

X 

A-110 

1 

— • • o 

5.0 

75 

870 

1960 

96 

110 

750 

Crack’d  T 

j 

A- 16  6 

Altax 

4.0 

82 

590 

3420 

96 

70 

930 

Crac'xed 

Manganese  dioxide 

10.0 

T 

G.M.F. 

2.0 

! 

A-169 

Methyl  Tuads 

3.0 

81 

600 

1970 

96 

60 

930 

Cracked 

Santocure 

2.0 

i 

A- 186 

2-MT 

2.0 

75 

880 

1430 

96 

90 

980 

Cracked 

A-187 

Antox 

1.0 

82 

700 

40 /V 

OQ 

70 

850 

Cracked 

Methyl  Tuads 

3.0 

.A- 188 

Ethyl  Tellurac 

3.0 

82 

660 

2370 

96 

80 

930 

Cracked 

i 

A- 200 

Cadmium  oxide 

5.0 

85 

540 

1880 

98 

50 

900 

Cracked 

A-201 

Calcium  oxide 

5.0 

81 

570 

1890 

94 

70 

950 

A- 202 

Litharge 

10.0 

84 

640 

2450 

99 

30 

930 

Cracked 

Dinitrobenzene 

4.0 

0)  Aged  in  aluminum-block  heater. 

Base  Recipe;  Ingredients 

Parts  by  Weight 

(2)  Curing  systems  in  A-126  through  A-136  recommended 
by  R.  T.  Vandeibilt  Company  far  heat-resistant 
stacks. 

Hycar  1001 
Magnesia 

Zinc  axide  (except  in  A- 168) 
Stearic,  ac.d 
Curing  agents 

100 

100 

5 

1.5 

As  shown 

Cure:  60  minutes  at  298  F. 

W ADC  TR  5 i- 190  F-21 

ana  F -22 

J 


CURING  SYSTEMS  IN  A HYCAR  1001  RECIPE 


PHysicel  Piepurtic.  After  Aging 
in  Esse  Turbe  Oil-15  72  Hours  at  350  f* 

i •) 

Physics! 
in  Esse  T urbo 

! Properties  After  Aging 
Oil-15  168  Heurs  at  350  F 

(l) 

Swell, 
per  cent 

Hardnes  s, 
Shar<»  A 

E iunga- 
tien, 
per  cent 

Tensile 

Strength, 

psi 

Crack 

Resistance 

Swell, 
per  cent 

Hardnes  s. 
Share  A 

Elonge- 
tion, 
per  cent 

T ensi  le 
Strength, 
psi 

Creek 
Re  si  stance 

17.8 

77 

250 

1790 

Crazed 

16.2 

83 

130 

1240 

Cracked 

23.6 

74 

310 

1180 

Crazed 

22,6 

84 

170 

940 

Cracked 

25.9 

79 

rso 

1490 

Cracked 

23.9 

63 

130 

1100 

Cracked 

29.2 

77 

210 

1270 

Cracked 

24.1 

84 

130 

830 

Cracked 

26.2 

73 

370 

1480 

Cracked 

23.9 

85 

170 

910 

l/iuuncu 

24.0 

75 

300 

1250 

Crazed 

22.6 

85 

160 

900 

Cracked 

22.0 

78 

390 

1560 

Crazed 

22.0 

85 

200 

1060 

Cracked 

20.9 

80 

290 

1280 

Crazed 

20.1 

87 

140 

940 

Cracked 

24.5 

75 

250 

1510 

Crazed 

23.7 

83 

130 

1010 

Cracked 

30.0 

61 

310 

770 

Crazed 

29.9 

88 

30 

460 

Cracked 

24.7 

72 

390 

1220 

Crazed 

24.4 

82 

170 

700 

Cracked 

21.1 

78 

190 

1260 

Crazed 

18.8 

86 

100 

950 

Cracked 

26.6 

75 

120 

14911 

Crazed 

25.5 

89 

150 

930 

Cracked 

25.3 

75 

'.'J»r 

OfV 

1210 

Cracked 

24.2 

86 

160 

870 

Cracked 

21.5 

81 

260 

1380 

1 

Cracked 

20.8 

89 

140 

910 

Cracked 

24.2 

78 

240 

1270 

Crazed 

26.0 

85 

100 

660 

Cracked 

24.3 

76 

310 

1530 

Crazed 

26.1 

82 

120 

900 

Cracked 

22.4 

90 

70 

1330 

C'azed 

20.9 

97 

30 

880 

Cracked 

W ADC  TR  51 
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TABLE  11.  THE  PHYSICAL  PROPERTIES  OF  PEROXIDE-CURED  HYCAR  1012  COMPOUNDS  AFTER  AGING  IN  ESSO  TURBO  OIL-15 
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TABLE  13.  THE  EFFECT  OF  PHENOLIC-TYPE  MATERIALS 


R«;Pi 

No. 

Antioxidant 

Loading, 

phr 

Original  Physical  Properties 

Physical  Properties  After 
Air  Aging  72  Hours  at  350  F 

Hardness, 
Shore  A 

Elongation, 
per  cent 

Tensile 

Strength, 

psi 

Har'd  ness. 
Shore  A 

Elongation, 
per  cent 

Tensile 

Strength, 

psi 

Crack 

Resistance 

A-23 

None 

- 

77 

410 

1810 

96 

30 

860 

Cracked 

A- 151 

p-Phenyl  phenol 

3 

79 

530 

2340 

96 

60 

830 

Cracked 

A-152 

p-Tert-amyl  phenol 

3 

78 

540 

2210 

97 

60 

870 

Cracked 

A- 153 

o-Amyl  phenol 

3 

78 

440 

1960 

95 

60 

830 

Cracked 

A-154 

Nony!  phenol 

3 

78 

540 

2280 

96 

60 

800 

Cracked 

* lit 

n“*3w 

Phonni 

3 

77 

570 

212C 

96 

60 

830 

Cracked 

A- 156 

Triphenyl  phosphite 

3 

80 

570 

2180 

97 

50 

830 

Cracked 

A- 183 

Phloroglucincl 

3 

74 

650 

18.50 

56 

70 

830 

Cracked 

A- 181 

Catechol 

3 

73 

690 

2630 

95 

90 

1050 

Cracked 

A- 185 

Di-tert-fcutyl-para- 

3 

76 

620 

1670 

93 

80 

950 

Cracked 

cresol 

A-247 

Parazone 

3 

6S 

620 

2350 

— 

— 

- 

AgeRite  Resin  0 

3 

A-248 

Flectol  H 

3 

71 

640 

2540 

- 

— 

- 

- 

AgeRite  Resin  D 

3 

(I)  Aged  in  olumimjm*block  heater. 


Base  Recipe:  Ingredient*  Pst**  by  Weight 


Hycor  1001 

100 

Mognesia 

100 

!£lnc  oxide 

J 

Stearic  acid 

1.5 

Sulfur 

0.5 

Methyl  T tjads 

0.25 

Antiox  id  a, its 

As  shown 

Cure:  60  minutes 

at  298  F. 

W ADC  TR  5 1-190 


5 -27  and  F -28 


THE  AGiNG  PROPERTIES  OF  HYCAR  1001 


r\  wi 
WIT 


Phv 

Aging  in  Esso 

•sisal  Properties  After 
T ur  bo  Oil-!  5 72  Hours  ot  35G 

Phy: 

Aging  irt  Esso 

sicol  Properties  Aft«r 

Turbo  Oil- 15  168  Hours  ot  350  F* 

Swell, 
p«*r  cent 

Hardness, 
Shore  A 

Elongot  ion, 
per  cert 

Tens  ile 
Strength, 
psi 

Crock 

Resistance 

Swell, 
per  cent 

Mord  nes  s, 
Shore  A 

, E longotion, 

per  cent 

Tensile 
Strength  f 
psi 

Crock 

Resistonce 

17.8 

77 

250 

1790 

Crazed 

16.2 

83 

IT) 

1240 

Cracked 

25.7 

76 

230 

icon 

uau 

vfoZBd 

22.5 

85 

1 40 
ITJ 

930 

Cracked 

25.4 

77 

270 

1680 

Crazed 

24.0 

85 

150 

1120 

Cracked 

23.9 

81 

220 

1530 

Crazed 

22.7 

85 

140 

1060 

Cracked 

23.9 

80 

210 

1590 

Crazed 

22.2 

86 

140 

1180 

Cracked 

24.0 

80 

250 

1750 

Crazed 

23.7 

85 

150 

1190 

Cracked 

25.6 

78 

250 

1410 

Crazed 

74.1 

86 

140 

990 

Cracked 

26.2 

72 

280 

1570 

Crazed 

25.5 

81 

130 

880 

Cracked 

29.5 

72 

320 

1400 

Cracked 

28.1 

85 

120 

730 

Cracked 

25.4 

74 

260 

1280 

Crazed 

23.1 

87 

90 

740 

Cracked 

14.5 

68 

390 

1050 

Crazed 

13.2 

73 

180 

630 

Cracked 

14.3 

66 

380 

1090 

Crazed 

13.8 

72 

210 

770 

Cracked 
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f 

T 


i 

TABLE  14.  THE  EFFECT  OF  VINYL  STABILIZERS 


Or  io  tno 

1 Physical  Properties 

Physicol  Properties  After 
Air  Ag*ng  72  Hours  ot  330  F 

— 

J 

Recipe 

No. 

Stobil  izors 

Loading, 

phr 

Hardness. 
Shoro  A 

E longation, 
par  cont 

Tonsils 

Strength, 

psi 

Hordne 

Shore 

ss,  Elongation, 
A per  cent 

Tens  ile 
Strength, 
psi 

I 

Crock  Jl 

Resistance 

m 

A-23 

None 

- 

81 

390 

1820 

95 

60 

970 

C„«  S 

A-144 

Ferro  1820^ 
Ferro  903^ 

3.5 

1.5 

74 

700 

1880 

93 

100 

R20 

i 

Cracked  1) 

SI 

A-R5 

’ 

Dibutyl  tin 
nialeate 

5 

on 

660 

2750 

96 

80 

820 

31 

Cracked 

I 

A-146 

Tnbasic  lead 
maleate 

5 

73 

690 

2820 

92 

80 

870 

Cracked  «, 

1 

A-147 

Stabilizer  A-5^ 

5 

70 

550 

1930 

97 

60 

780 

Cracked  J 

A-148 

Dyphos^ 

5 

73 

420 

1S90 

93 

60 

770 

Cracked  J 

A-149 

RN-34'1 2 3 4 5 6 7 8^ 

5 

72 

500 

2270 

95 

50 

770 

Cracked  -r 

a-is: 

Mark  X|W 
Mark  XX^ 

3.5 

1.5 

65 

780 

1730 

95 

90 

7 1C 

1 

Cracked 

j 

.i 


(1)  Aged  in  oluminurmblock  hooter. 

(2)  Borium  — F •nro  Chemical  Corporotion. 

(3)  Cndium  stabilizer  — Ferro  Chemicol  Cwfpwrcl.'cn.  . { 

(4)  Epoxy  typo  — Ccrbid*  ond  Carbon  Chemicals  Csrr.pcny* 

(5)  Diboslc  leod  phosphite  — Natl  and  Lead  Con^ony. 

(6)  Resinous  epoxide  — Sheli  C Komi  col  Corporation. 

(7)  Codmiunvbori jm  comb  notion  — Arfcus  Chemical  Company. 

(8)  Epoxy  typo  — Argus  Chemicol  Corrpany 


I 

i 

i 

i 

I 

t 

i 

i 

» 

l 

i 

» 

i 

« 

i 

i 

i 

i 
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OH  THE  AGING  PROPERTY  OF  HYCAR  1001 


Physicol  Properties  Aftar 
Aging  in  E$'o  Turbo  Oil-15  72  Hours  H50 

F(1) 

Aging 

Physicol  Properties 
in  Esso  Tut t»o  O il- 15  168 

A her 

Hours 

350  F(i) 

Swell,  Hordness, 

per  cent  Shore  A 

E (o  ng  often, 
per  cent 

Tensile 

Strength, 

psi 

Crock 

Resistance 

Swell,  Hstuness, 

per  cent  Shore  A 

, Eloryotron, 
per  cent 

Tens  ile 
Strength, 
psi 

Crock 

Resistonce 

18.0 

79 

210 

I960 

Crazed 

17.6 

82 

140 

1330 

Cracked 

27.9 

71 

320 

1160 

Crazed 

A/»  I 

£0 .7 

80 

190 

810 

Cracked 

20.9 

64 

430 

1300 

Crazed 

24.5 

72 

320 

1120 

Cracked 

29.1 

73 

260 

1340 

Ciacked 

27.0 

83 

120 

950 

Cracked 

26.4 

77 

250 

1630 

Cracked 

24.9 

75 

240 

1640 

Cracked 

26.2 

73 

230 

1570 

Crazed 

24.4 

83 

130 

1120 

Cracked 

24.3 

77 

220 

1500 

Cracked 

26.0 

81 

120 

1200 

Cracked 

27.8 

68 

420 

980 

Cracked 

26.2 

78 

210 

730 

Cracked 

Bose 

Recipe: 

Ingredients 

Ports  by  Weight 

Hyeor  10C  1 

V.agne  s ia 

Zinc  oxide 
Steoric  ocid 
Sulfur 

Mathyl  Tuod* 
Vinyl  stabilizers 


10C 

ICO 

5 

1.' 

0.5 

0.25 

As  indicated 


Cure:  60  minutes  at  298  F. 
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TABLE  15.  THE  EFFECT  OF  LARGE  AMOUNTS  OF 


Recipe 

Na. 

Antioxidant 

Loading, 

phr 

Original  Physical  Properties 

Physical  Piaperties  After 
Air  Aging  77  Hours  at  350  F 

Hardness, 
Shar*  A 

Elongo 

MW*., 

per  cent 

T ensile 

Strength, 

psi 

Hardness, 
Share  A 

Elongo* 

tion, 
per  cent 

Tensile 

Strength, 

psi 

Crack 

Resistance 

A- 73 

None 

- 

77 

630 

1875 

96 

30 

860 

Cracked 

A-181 

Pyro^al.ol 

3 

74 

630 

2450 

94 

70 

860 

Cracked 

A-138 

Pyrogalloi 

10 

90 

510 

3090 

100 

20 

1260 

Cracked 

A-139 

Pyrogallol 

15 

95 

470 

2840 

100 

20 

1480 

Cracked 

4-180 

o-Creso! 

0 

75 

700 

1660 

94 

90 

970 

Cracked 

A- 140 

e-C  resol 

10 

72 

750 

1530 

95 

70 

820 

Cracked 

A-141 

o-Cresoi 

15 

58 

750 

1680 

96 

70 

830 

Cracked 

A-182 

AgeRite  Resin  D 

3 

76 

b/0 

1740 

nr 

irt 

/u 

n in 
OMU 

A- 142 

AgeRite  Resin  D 

10 

77 

630 

1860 

94 

70 

950 

Cracked 

A- 143 

AgeRite  Resin  D 

15 

76 

720 

1460 

93 

100 

920 

Cracked 

(1)Aged  in  aluminum-block  heoter. 

Base  Recipe:  lngred>* 

''ts  Parts  by  Weigh* 

Hycor  1001 
Magnesia 
Zinc  oxide 
Stearic  acid 
Sulfur 

Methyl  Tuads 
Antioxidant 


100 

100 

5 

1.5 

0.5 

0.25 

As  shown 


Cure:  60  minutes  ot  298  F 
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ANTIOXIDANT  ON  THE  AGINC  PROPERTIES  OF  HYCAR  1001 


Physical  Pra»*rtios  After  Aging 
in  Esso  Turbo  Oil- 15  72  Hour*  or  350 

F<’> 

Physical  Properties  After  Aging 
in  Esso  Turbo  Oil*  15  *4S  Hours  ot  350 

F<>> 

per  cent 

Hordne**, 
Shore  A 

Elongcr* 
tion, 
per  cent 

Tensile 

Strength, 

oti 

Crock 

Resistance 

Swell, 
par  cent 

Hardness, 
Shore  A 

Elonga- 
tion, 
per  cent 

Ten  s i 1 e 
Strength, 
psi 

Crock 

Resistance 

17.8 

77 

250 

1790 

Crazed 

16.2 

83 

130 

1240 

Cracked 

22.3 

74 

220 

1710 

Crazed 

20.2 

86 

100 

880 

Cranked 

14.8 

91 

110 

1890 

Crazed 

13.1 

96 

60 

1220 

Cracked 

13.9 

34 

100 

2160 

Crazed 

12.6 

98 

40 

1410 

Cracked 

25.4 

76 

310 

1430 

Crazed 

23.2 

82 

150 

910 

Cracked 

22.6 

75 

340 

1560 

Crazed 

22.4 

85 

170 

980 

Crackeo 

18.1 

76 

340 

1230 

Crazed 

19.3 

84 

170 

830 

Cracked 

25.1 

75 

290 

1560 

Crazed 

22.3 

85 

150 

860 

Cracked 

18.4 

73 

320 

1730 

Crazed 

16.9 

81 

190 

1340 

Cracked 

16.5 

71 

400 

1520 

Crazed 

14.9 

79 

210 

1180 

Cracked 
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TABLE  16.  THE  EFFECT  OF  ADDING  ANTIOXIDANT  TO  A HYCAR 
1001  COMPOUND  AND  TO  THE  AGING  OIL 


8 
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TABLE 

IS. 

THE  EFFECT  Os- 

ZINC 

OXIDE,  STEARIC 

ACID.  AND 

- . 

Phy  sicol 

Proport  ies 

After 

Originoi  Physicol 

Properties 

Air  Aging  72  Hours  ot  350  F 

Lion  go- 

T ens  ilo 

Elongo 

Tensile 

Recipe 

Loodir.g, 

Hordnc 

ss,  Hon, 

Strength, 

Hordness,  tion. 

Strength, 

, Crock 

r 

No. 

Curing  Aids 

phr 

Shore 

A per  cent 

psi 

Shore 

A per  cent 

psi 

Resi  stonce 

1 

A-23 

Zinc  oxide 

5.0 

77 

410 

1810 

96 

30 

860 

Cracked 

Stearic  acid 

1.5 

! 

A-204 

Zinc  oxide 

3.0 

85 

520 

2000 

98 

60 

910 

Cracked 

Stearic  acid 

1.5 

B 

A-205 

Zinc  oxide 

1.5 

83 

490 

2660 

96 

70 

1040 

Cracked 

M 

Stearic  acid 

1.5 

l 

A- 164 

Stearic  acid 

1.5 

8? 

520 

2410 

97 

70 

940 

Cracked 

w 

A- 206 

Zinc  oxide 

5.0 

84 

480 

2500 

97 

70 

1010 

Crarkpfi 

Ji 

Stearic  acid 

1.0 

r 

A-207 

Zinc  oxide 

5.0 

84 

450 

2800 

97 

60 

1C40 

Cracked 

X 

Stearic  acid 

0.5 

*• 

A-163 

Zinc  oxide 

5.0 

85 

400 

2420 

96 

50 

550 

Cracked 

- 

A-208 

Zinc  oxide 

n r 
L'J 

nr 

OJ 

A Am 

2880 

97 

60 

n ».» 
O^U 

Cracked 

% 

! 

Stearic  acid 

0.75 

A- 165 

More 

- 

85 

380 

2450 

97 

40 

830 

Clacked 

A-97 

Zinc  oxide 

5.0 

73 

630 

1875 

93 

70 

550 

Cracked 

i 

Stearic  acid 

1.5 

! 

Zinc  stearate 

5.0 

A- 167 

Zinc  oxide 

5.0 

79 

570 

2290 

94 

90 

740 

Cracked 

i 

Stearic  acid 

1.5 

Magnesium  stearate 

5.0 

1 

'I'  Aj.ia 

in  oluminunvhlock  heoter. 

Bose 

Recipe: 

Ingredier : 

s Ports  by  Weight 

! 

Kycor  1001  100 

Mognesio  100 

Sulfur  0.5 

ttethyl  Tuodt.  0.25 

Curing  aids  As  indicoted 

Cure;  60  minutes  o*  298  F. 


I 

i 

WADC  TR  54-190  F- 37  and  F-38 
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! Physical  Properties  After  Aging  Physical  Properties  After  Aging  ,.x 

in  Esso  Turbo  Oil- 15  72  Hours  at  350  F ' in  Esso  Turbo  Oil- 15  168  Hours  ot  350 


-- 

Swell, 

* per  cent 

Hardnes  s, 
Shar«  A 

Elonga- 
tion, 
por  cent 

T*n<il» 

Strength, 

psi 

Crorh 
Resit  ronce 

Swe  1 1, 
per  cent 

Hordness, 
Shore  A 

Elongo- 

tion, 
p«i  cent 

T en  s i 1 e 
Strength, 
ps; 

Crack 
iosi  jtonco 

17.8 

77 

250 

1790 

Crazed 

16.2 

83 

130 

1240 

Cracked 

i 

83 

210 

1660 

Crazed 

23.9 

88 

120 

1070 

Cracked 

| 

" 22.5 

83 

210 

1760 

Clazed 

21.5 

88 

90 

880 

r\ 1 | 

ui  auveu 

8 

82 

220 

1710 

Crazed 

19.1 

85 

130 

1010 

Cracked 

8 216 

82 

210 

1740 

Crazed 

22.6 

84 

120 

123C 

Cracked 

1 22.0 

83 

190 

1930 

Crazea 

20.6 

87 

100 

1110 

^iSC'Kcu 

J 21.3 

83 

160 

1630 

Crazed 

19.4 

85 

90 

950 

Cracked 

f"  25.1 

i 

i 

84 

220 

1790 

Crazed 

20.6 

88 

130 

1110 

Cracked 

i ' 20.9 

J 

84 

40 

520 

Crazed 

19.4 

86 

70 

780 

Cracked 

i 

27.5 

l 

j 

53 

230 

320 

Crazed 

23.2 

59 

150 

280 

Cracked 

1 

| 25.6 

71 

220 

790 

Crazed 

25.3 

77 

130 

530 

Cracked 

Cure:  60  minutes  ct  298  F. 
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TABLE  23.  THE  EFFECT  OF  ACRYLONITRILE  CONTENT  OF  COPOLYMER 


I 

! 

i 


i 

i 

i 

i 

i 

i 

I 

I 

i 


\ 

i 

i 

i 


Physicol  Properties  After 

Original  Physical  Properties  Air  Aging  72  Hours  ot  350  F 


Recipe 

No. 

Copolymer 

Acrylonitrile 
Content, 
per  cent 

Hordness, 
Sho**  A 

E longction, 
per  cent 

T ensile 

Strength,  Hordness, 
psi  Shore  A 

T ensile 

Fl-'n^etlcn,  Strength, 

per  cent  psi 

Crock 

Resistonce 

A 211 

Hycar  1000  x 70 

60 

100 

70 

3500 

- 

- 

- 

4-173 

1457-50 

55 

98 

170 

2181) 

100 

30 

1640 

Cracked 

A-157 

Cbeirigum  N3NS 

45 

86 

510 

1680 

98 

60 

S20 

Cracked 

A-23 

Hycar  1001 

40-45 

77 

630 

1875 

95 

30 

860 

Cracked 

A-175 

Hvcar  1002 

30-35 

81 

320 

1250 

92 

70 

780 

Cracked 

A-177 

Paracril  B 

26 

73 

380 

1120 

91 

140 

900 

Cracked 

A- 178 

Paracril  AJ 

18 

65 

390 

1110 

83 

50 

510 

Cracked 

(1)  Aged 

in  ol umi nurr.-bloc 

k heoter. 

Bose  Recipe: 

Ingrecients 

Bo  so  ccpoiyrxr 
Mognesio 
Zinc  o*ide 
^♦eoric  ocid 
Sulfur 

Methyl  Tuods 

Ports  by  V/eight 

1 A A 

• ww 
100 
5 

1.5 

0.5 

0.25 

Cure:  60  minutes  ot  29%  F 


-r 

1 

l 

l 

I 

I 

I 


! 

! 

! 

i 
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TABLE  24.  THE  EFFECT  OF  ACRYLONITRILE  CONTENT  OF  COPOLYMER 


P ny * *•_-?!  Properties  Attar 

Original  Physical  Properties  Air  Aging  72  Hours  ot  350  F 


Recipe 

No. 

Copolymer 

Acrylonitr  ile 
Content, 
per  cent 

Kn*dness, 
Shore  A 

E longotion, 
per  cent 

Tensile 

Strength, 

psi 

Hordness, 
Shor«  A 

E longotion, 
per  cent 

Tensile 
r Strength, 
psi 

Crock 

Resistonce 

A-212 

Hycar  1000  x 70 

60 

100 

no 

2880 

- 

- 

- 

- 

A 158 

Chemigun  N3NS 

45 

68 

600 

4660 

95 

10 

830 

C racked 

A-17t 

Hycar 1002 

30-35 

68 

400 

2030 

93 

10 

580 

Cracked 

A 176 

Paracril  B 

26 

58 

610 

2360 

92 

10 

600 

Cracked 

A- 179 

Paracril  AJ 

18 

62 

420 

2070 

95 

10 

480 

Cracked 

(1)  Aged  in  oluminum- block  heoter. 

Bose  Recipe: 

Ingredients 

Po/tj  by  W. 

tight 

Bose  copolymer  100 

Philblock  O 40 

Zinc  oxide  5 

Steoi  ic  acid  1 .5 

Methyl  Tuads  3 

AgeRite  Poxvder  3 


Cure: 


60  minutes  or  298  F. 


I 

? 

1 
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ON  AGING  PROPERTIES  OF  A MAGNESIA-FILLED  COMPOUND 


Ph 

Aging  in  Ess' 

yc.'col  Properties  Aftor  . . 

* Turbo  Oil-15  72  Hours  ot  350  F ' 

PSy 

Aging  in  E sso 

sicol  Proportion  After 

Furbo  O i 1 -1 5 168  Hours  at  350  F 

Swoll, 
p*r-  cent 

HorHnois, 
Shore  A 

E longotion, 
por  cont 

T onsilo 
Strength, 
psi 

Crock 

Resistance 

Swell, 
por  cont 

Hordness, 
Shoro  A 

E longotion, 
por  cont 

T onsilo 
Strongth, 
psi 

Crock 

Rosistanco 

3.5 

100 

40 

3030 

Cracked 

3.3 

97 

20 

2680 

Cracked 

6.9 

96 

60 

2030 

Crazed 

6.3 

98 

30 

1530 

Cracked 

27.1 

80 

270 

1320 

Crazed 

23.3 

88 

150 

1010 

Cracked 

17.6 

77 

250 

1790 

Crazed 

16.2 

83 

iuO 

1240 

Cracked 

44.2 

62 

150 

490 

Cracked 

40.1 

73 

50 

300 

Cracked 

73.5 

47 

140 

260 

Crazed 

73.3 

55 

70 

140 

Cracked 

134.3 

31 

SO 

80 

Crazed 

125.1 

28 

70 

25 

Cracked 

ON  AGING  PROPERTIES  OF  A CARBON-BLACK-FILLED  COMPOUND 


Physicol  Properties  After 
Aging  in  Esso  Turbo  Oil-15  72  Hours  ot  350  FlU 


Swoll. 
por  cent 

Hardness, 
Share  A 

E longotion, 
por  cont 

Tensile 

Strength, 

psi 

Crock 

Resistance 

3.C 

100 

40 

250C 

Cracked 

11.0 

63 

160 

410 

Cracked 

32.4 

54 

100 

220 

Cracked 

75.0 

26 

120 

40 

Cracked 

137  9 

26 

120 

50 

Cracked 

Physicol  Proportion  After 
Aging  in  Esso  Turbo  Oil-15  168  Hours  o»  350 


Swell, 
per  cent 

Hardness, 
Shore  A 

E longotion, 
per  cont 

Tensile 

Strength, 

psi 

Crock 

Resistance 

3.3 

100 

10 

1930 

Cracked 

CO 

84 

80 

570 

Cracked 

30.2 

68 

10 

260 

Cracked 

67.4 

52 

0 

50 

Cracked 

113.0 

OC* 
L U 

nn 

OU 

25 

Cracked 
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TABLE  26.  PHYSICAL  PROPERTIES  OF  COMPOUND  A-23  (MAGNESIA-FILLED  HYCAR  ’.001) 
AFTER  AGING  AT  350  F FOR  VARIOUS  PERIODS  IN  ESSO  TURBO  OIL-15^ 


System 

Aging  Time, 
Hours 

Swell, 
per  cent 

Hajdne  ss. 
Share  A 

E longatinn, 
per  cent 

T ens<l« 
Strength, 
psi 

Crack 

Resistance 

Tube  covered  with  loose- 
fitting  Petri  dish 

168 

15.7 

74 

160 

2175 

Crazed 

Tube  covered  with  loose- 
fitting  Petri  dish 

336 

16.3 

84 

70 

1150 

Cracked 

Tube  covered  with  loose- 
fitting  Petri  dish 

cnn 

ouv 

14.8 

85 

50 

330 

Cracked 

Bottle  fitted  with  ground- 
giass  stopper  (limited 
air) 

500 

cn  m 

UU.-T 

64 

110 

1520 

Cracked 

(1)  Aged  in  circulating. oir  oven. 
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TABLE  27.  THE  EFFECT  OF  METALS  ON  OIL-AGED  PROPERTIES  OF  HYCAR  1C01 
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60  ninutos  ot  298  F. 


TABLE  31.  THE  DEGRADATION  OF  ESSO  TURBO  OIL-15  AND 
DM2-ETHYLHEXYL)  SEBACATE  AT  350  F 


■—  — 1 • 

Per  Cent  Active  Oxygen 

Aging  Time,  hour  a 

E*»o  Turbo  Oil-  15 

Di-(2-EthylHexyl)  Sebacate 

Closed  System 

0 

.002 

.0005 

24 

.001 

.0006 

72 

.001 

.0005 

168 

.002 

.0005 

Open  System 

0 

.002 

.0005 

24 

.005 

.006 

72 

.009 

.004 

168 

.004 

.003 

= 52 
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TABLE  32.  COMPARISON  OF  AGING  RESULTS  OBTAINED 
WITH  ESSO  AND  PENOLA  TURBO  OIL-15 

Recioe 

No. 

Aging  Timo, 
hours 

T>p»  o» 

T urbo 
Oil 

Swell, 
per  cent 

Hordnes  s. 
Shore  A 

E iongaticn, 
per  cent 

Tensile 

Strength, 

psi 

CrocK 

Resistance 

A-198(i) 

168 

Penola 

15.2 

89 

160 

940 

Cracked 

A -198 

168 

Esso 

24.4 

82 

190 

1110 

Cracked 

A-199^ 

168 

Penola 

14.4 

90 

140 

980 

Cracked 

A- 199 

168 

Esso 

23.7 

84 

120 

850 

Cracked 

A-2O0(2) 

168 

Penola 

20.6 

91 

150 

880 

Cracked 

A-200 

168 

Esso 

26.0 

85 

100 

660 

Cracked 

• nnif2) 

r»-£UA'  ' 

168 

Penola 

22.9 

88 

140 

980 

Cracked 

A-201 

168 

Esso 

2G.1 

82 

120 

900 

Cracked 

(1)  Recipe?  shown  in  Tobio  21. 

(2)  Recipes  shown  in  Tobio  10. 


WADC  TR  54-190 


F-53 


TABLE  33.  THE  EFFECT  OF  TRIETHYLENE  YSTRAMIME.  SULFUR, 


Raeip* 

No. 

Vulconiiing  Agant, 
ohr 

Mathy > 

TETA  Tuodt  Sulfur 

Cur® 
m In- 

Original  Phyticol  Propartiet 

phyticol  Propartiat  Aft*r  Aging  in  Esto 
Turbo  Oil- 15  72  Hourt  or  350  F 

Ut«*4 

at 

310  F 

T •nail® 
String  Ah, 

pti 

E longotion, 
r*r  c®nt 

Hordn«tt, 

Shoe# 

A 

T ens  ii® 
Strength, 

pti 

E longotion, 
par  c«nt 

Hard  n*»*. 
Shore 
A 

Swall, 

par 

cant 

. Crocking 

PA-39 

- 

2.0 

- 

120 

1390 

800 

51 

560 

330 

22 

85.0 

None 

PA-17 

- 

2.0 

1.0 

120 

1350 

780 

44 

700 

480 

22 

72.7 

None 

PA- 18 

- 

- 

2.0 

12) 

(Did  not  cure) 

- 

- 

- 

- 

- 

- 

PA-37 

- 

- 

4.0 

120 

(Did  not  cure -full  of  pinholes) 

- 

- 

- 

- 

- 

PA-38 

0.5 

- 

2.0 

60 

1050 

980 

55 

0 

530 

6 

94.9 

None 

PA-2 

1.5 

2.0 

- 

30 

1540 

350 

63 

640 

70 

57 

39.1 

None 

PA- 19 

1.5 

- 

- 

30 

1740 

290 

54 

* *5n 

70 

54 

42.0 

None 

PA-7 

1.5 

2.0 

1.0 

30 

1610 

360 

65 

830 

140 

43 

42.7 

None 

PA- 20 

1.5 

- 

1J0 

30 

1810 

230 

62 

840 

190 

38 

52.2 

None 

PA-21 

3.0 

2.0 

- 

30 

1530 

280 

58 

730 

60 

65 

30.6 

None 

PA- 22 

3.0 

- 

- 

30 

1500 

160 

63 

590 

40 

72 

27.2 

None 

PA- 23 

3.0 

2.0 

1.0 

30 

1420 

170 

65 

740 

90 

57 

30.9 

None 

PA-24 

3.0 

- 

ID 

30 

1540 

110 

74 

030 

80 

62 

36.3 

None 

PA-48 

1.6 

1.2 

1.2 

30 

1340 

360 

67 

740 

150 

43 

45.9 

Nnne 

PA-49 

2.0 

0.8 

1.2 

.30 

1600 

290 

67 

740 

150 

44 

44.1 

None 

PA-S) 

2.4 

0.4 

\2 

30 

1560 

200 

72 

870 

140 

48 

41.4 

None 

PA-51 

1.7 

1.4 

0.9 

30 

1500 

480 

62 

780 

170 

41 

48.4 

None 

PA-52 

2.1 

1.0 

0.9 

30 

1590 

300 

67 

820 

IX 

47 

42.2 

None 

PA-53 

2.5 

0.6 

03 

30 

1530 

190 

70 

900 

IX 

47 

41.2 

None 

PA-54 

1 A 

1.3 

1.5 

0.6 

30 

1510 

390 

62 

780 

IX 

46 

44.8 

None 

PA-55 

n o 

t.o 

1.1 

0.6 

30 

1590 

330 

64 

650 

110 

48 

43.2 

None 

PA-56 

2,1 

0.7 

0.6 

30 

1280 

200 

65 

610 

X 

56 

37.3 

None 

Not*:  All  tomplat  unt*mp*r*d.  Bot*  Raeip*:  Ingradlantt  Port*  by  WgCght 

Kvror  402 1 100 

Philblock  A 40 

Staoric  ocid  1 

VLlconixing  ogcnt  At  shown 
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AND  MF.TKYL  TUADS  ON  AGING  PROPERTIES  OF  HYCAR  4021 


Physicol  Property*  After  Aging 

in  Esso 

Physicol  Ptoperri 

ies  Afi*r  Aging 

in  Esso 

Turbo  Oi!  ■ 

15  168  Hours  a*  350  F 

Turbo  Oil-  15 

500  Hcurs  ot  350  F 

Ttnsilt 

Horu 

Swef  l# 

Tensile 

Hordne  ss, 

Sw.ll, 

Stre  ngth. 

E Icngotion, 

Shore 

per 

Strength, 

Elor’gotion, 

Shore 

per 

psi 

per  cent 

A 

cert 

Crocking 

psi 

per  cent 

A 

cent 

Croc  ><ing 

310 

270 

17 

82.2 

None 

- 

- 

- 

- 

- 

400 

540 

15 

716 

None 

— 

— 

— 

- 

- 

0 

220 

5 

94.8 

None 

— 

— 

— * 

— 

•- 

640 

80 

51 

41.9 

None 

530 

100 

46 

50.2 

None 

460 

80 

54 

45.7 

None 

- 

- 

- 

- 

- 

880 

140 

44 

44.9 

None 

- 

- 

- 

- 

- 

780 

170 

38 

56.3 

None 

- 

- 

- 

- 

- 

690 

50 

67 

32.5 

None 

- 

- 

- 

- 

- 

580 

40 

75 

32.7 

None 

- 

- 

- 

- 

- 

590 

70 

59 

38.6 

None 

- 

- 

- 

- 

- 

420 

50 

61 

39.1 

None 

- 

- 

- 

- 

- 

500 

120 

39 

52.2 

None 

- 

- 

- 

- 

- 

770 

140 

43 

50.8 

None 

- 

- 

- 

- 

- 

690 

1 10 

47 

45.0 

None 

410 

140 

35 

56.6 

None 

600 

150 

38 

57.1 

None 

- 

- 

- 

- 

- 

650 

110 

48 

42.9 

None 

520 

130 

44 

57.4 

None 

610 

110 

47 

44.1 

fjvH$ 

170 

12D 

43 

54.5 

None 

700 

130 

46 

49.8 

None 

- 

- 

- 

- 

- 

580 

100 

49 

45.4 

None 

730 

150 

41 

66.8 

Nnno 

500 

60 

59 

39.3 

None 

480 

90 

54 

50.2 

None 
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TABLE  34.  OPTIMUM  RATIOS  OF  TRIETHYLENE 


Phyticol  Properties  After 

Originol  Physical  Properties  Aging  in  'lurboUn-O  /2  Hours  ot  350  F 

Cu/a,  Etongo-  Hord-  Eton  go-  Hord-  Type 


R ecips> 

No. 

mi  nutes 
ot 

310  F 

Tensiie 

Strength, 

psi 

tion, 

per 

cent 

ness, 

Shore 

A 

Tensile 

Strength, 

psi 

tion, 

per 

cent 

ness. 

Shore 

A 

Swell, 

per 

cent 

Croc  Icing 

of 

Turbo 

Oil 

PA-2 

30 

1540 

350 

63 

640 

70 

57 

39.1 

None 

Esso 

PA-88 

30 

1560 

490 

64 

510 

90 

55 

41.1 

N ,e 

Penola 

PA-52 

30 

1590 

300 

67 

670 

130 

52 

43.4 

None 

Penola 

PA-82 

30 

1820 

230 

72 

870 

110 

55 

39.7 

None 

renola 

Not.:  All 

somplus 

untempered. 

Recipes  Used: 

Ingredients 

Ports  by  Weight 

PA-2,  PA-86  PA-52,  PA-32 


Hycor  4021  100 

Philblock  A 40 

Steoric  ccio  1 

Sulfur  - 

Methyl  Tuods  2 

Triethylene  tetraiuine  1*5 


100 

40 

1 

0*9 

1 

2.1 


W ADC  TR  54-190 


f - 5 6 


TETRAMINF.,  SULFUR,  AND  TUADS  iN  HYCAR  4027 


Physicol  Properties  After  Physicol  Properties  After 

Aging  in  Turbo  Oil-  IS  16S  Hours  ot  350  F Aging  in  Turbo  Oil- 15  500  Hours  ot  350  F 


T ensile 
Strength, 
psi 

Elongo- 

tion, 

per 

cent 

Mnrd' 

ness. 

Shore 

A 

Swell, 

per 

cent 

Crocking 

Typ« 

of 

Turbo 

OH 

T ensile 
Strength, 

Eton  go- 
tion, 
per 
cent 

Hord- 

ness. 

Shore 

A 

Swell, 

per 

cent 

Crocking 

T yp® 
of 

T urbo 
Oil 

640 

80 

51 

41.9 

None 

Esso 

530 

100 

46 

50.2 

None 

Esso 

390 

80 

56 

44.4 

None 

Penoia 

610 

120 

48 

58.7 

None 

Penoia 

760 

130 

52 

46.2 

None 

Penola 

820 

150 

46 

55.4 

None 

Penoia 

460 

80 

58 

41.2 

None 

Penoia 

620 

no 

50 

53.5 

None 

Penoia 

W ADC  TR  54-190 


F -57 


TABLE  35.  THE  EFFECT  OF  CURING  TIME  AND  AMOUNT  OF  VULCANIZING 
AGENT  ON  AGING  PROPERTIES  OF  HYCAR  4C21 


I 


0)0  0)0) 

e c:  e=  c=  iti 

o o O O III 


a>  o>  a>  <u  o> 
c:  c c c=  c= 

z ;?  z z z 


cm  in  c\j  in 


SO  CD 

cr>  — • l 


U3  cn  U3  CT1  ID 

t/  ID  ■— « -rr  to 
rr  ro  cn  oo 


£ 4 -2  f 


SRSS  i i ! 

lo  co  CD  r~«. 


S ^ U*3  § 


d)  <U  d)  a:  qj  qj  aj 

c=  c c c=  c c c 

o o o o o o o 


Q)  d)  <1)  <1)  ID 

c=  c=  c*  c c 

O O O o o 


38  . • . 

— -O  •»  • 

s : s < 

2 I 2 £ 


-H  (M  CO  CO  LO  CD  CO 

■— « m — ? ro  CM  CM 


in  in  in  (5  in  -o  in 


<r»  •-«  r^.  o 

r>.  i/>  cm  rn  • — l 
co  co  ro  co  co 


5 * . 
o ? S £ 

-o  |_o  .2  a 

3 ju3 


OQC  op 
•— ■ oo  co  co 


"cm 

i i * 


S S g § s s 

^s-  U->  AO  CO  UD  CO 


a>  a)  <d  0)0)0  03  0) 

r-  t — i — c c c e c 

ooo  ooooo 

z z z z:  z z z z 


* 

< CN  , 

r**.  -o 

* h 


o c ^ eo  «?  .-• 

~ t CS  N»‘  co  »v  CM  7? 

COSTCO  CO  CO  CO  CO  tsi 


in  in  irt 


I 5 A . 

i J I I ! 

! h “ * 

5 D 

£ ~0  • J? 

0-  % « ? 

OL  ‘ i 


SB8 


S ° 8 R 

r-*  oo  co  co 


S § ° S?  co  S 2 £3 


eras  838S8 

in  to  O n oo  co  O 


t o o a 
a !uj  *" 


8RS8 

CXJ  cxj  fx,  I — 1 


SR82 


S R § R 

<t>  a>  <r>  cr> 


R S R S 

If  CO  o V 


- R 8 R 


W ADC  TR  54-190 


z 


Note-  All  samples  untempered.  Base  Recipe:  Ingredients 

Hycar  402 1 
Philblack  A 
Stearic  arid 
Vulcanizing  agent 


WADC  TR  54-190  F-59  and  F-SO 

i 

i 


Ports  b/  Weight 

icL 

40 

1 

As  shown 


AMD  METHYL  TUADS  ON  AGING  PROPERTIES  OF  HYCAR  4021 


Aging  in  Turbo  Physicoi  Properties  After 

at  250  F Aging  in  Turbo  Oil- 15  168  Hours  of  350  F 

Typo  Type 


o wo  1 1# 
per  cent 

Crocking 

of 

Turbo 

Oil 

Tensile 

Strength, 

psi 

Elongo- 
tion, 
per  cent 

Hardness, 
Shore  A 

Swell, 
per  cent 

Clocking 

Turbo 

Oil 

48.3 

None 

Esso 

510 

SO 

44 

S7.fi 

None 

Esso 

52.4 

None 

Esso 

490 

150 

38 

55.1 

None 

Esso 

5C.5 

None 

Esso 

460 

120 

42 

51.4 

None 

Esso 

59.7 

None 

Pccn 

• t A 

*»1V 

Zoif 

on 
L O 

74.2 

None 

Esso 

78.6 

None 

Esso 

160 

730 

12 

72.5 

None 

Esso 

62.3 

None 

C «•  pn 

i i ■J'-' 

3P.0 

250 

22 

70.7 

None 

Esso 

85.7 

None 

Esso 

200 

840 

10 

86.1 

None 

Esso 

70.7 

None 

Esso 

470 

540 

10 

82.8 

None 

Esso 

64.5 

None 

Esso 

430 

160 

29 

72.9 

None 

Esso 

59.7 

None 

Esso 

540 

160 

34 

66.0 

None 

Esso 

57.2 

None 

Esso 

690 

180 

oc 

sJSJ 

60.7 

None 

Esso 

38.7 

None 

Penola 

820 

110 

57 

38.7 

None 

Penola 

37.8 

None 

Penola 

730 

90 

60 

39.9 

None 

Penola 

38. Q 

Mstno 

• IVI’V 

Penola 

640 

80 

ro 

uo 

37.4 

None 

Penola 

36.6 

None 

Penola 

810 

30 

65 

35.4 

None 

Penola 

65.0 

None 

Penola 

730 

210 

30 

o a 

None 

Penola 

rn  o 
uu.o 

None 

Penola 

670 

180 

34 

63.9 

None 

Penola 

57.7 

None 

Penola 

680 

160 

36 

60.8 

None 

Penola 

53.4 

None 

Penola 

450 

120 

37 

59.8 

None 

Penola 

6(1.3 

None 

Penola 

550 

160 

32 

62.6 

None 

Penola 

57.4 

None 

Penola 

660 

170 

33 

57.7 

None 

Penola 

55.3 

None 

Penola 

650 

150 

35 

57.4 

None 

Penola 

53.5 

None 

Penola 

650 

140 

36 

57.2 

None 

Fenoia 

53.5 

None 

Penola 

610 

130 

38 

55.6 

None 

Penol  a 

49.8 

None 

Penola 

610 

120 

40 

54.5 

None 

Penclo 

48.6 

None 

Penola 

660 

130 

41 

50.1 

None 

Penola 

48.3 

None 

Penola 

700 

120 

42 

52.5 

None 

Penola 

W ADC  TR  54-190 


F-61 


TABLE  •'«.  THE  EFFECT  OF  HS  SIL 


Physicol  Properties  After 
Ociginol  Physical  Properties  Oil-15  72  Hours 


Rocipe 

No. 

Filler, 
phr  by 
weight 

F Her, 
phr  by 
volume 

Plosti- 
cizer, 
phr  by 
weight 

T reotr.ient 
After  Cure 

min- 

utes 

oi 

310  F 

T ensile 
Strength, 
psi 

E longo- 
tion, 
per 
cent 

Word* 

ness. 

Shore 

A 

Tensile 

Strength, 

psi 

Elonga- 

tion, 

per 

cent 

MsH- 

ness. 

Shore 

A 

Swell, 

per 

cent 

PA-69 

43.3 

24.4 

0 

None 

60 

1590 

480 

76 

970 

130 

57 

44.9 

PA-69 

43.3 

24.4 

0 

Tempered^) 

60 

!£2Q 

180 

83 

890 

100 

59 

42.7 

PA-72 

43.3 

24.4 

10 

None 

30 

1320 

620 

72 

620 

120 

53 

429 

PA  72 

43.3 

24.4 

10 

Tempered 

30 

1350 

190 

81 

7i0 

110 

59 

37.1 

PA-73 

43.3 

2\A 

10 

»l 

iiunr 

/>A 

ml 

1330 

520 

74 

620 

110 

53 

40.2 

PA-73 

43.3 

24.4 

10 

Tempered 

60 

1390 

180 

83 

720 

ion 

60 

35.6 

PA-70 

54.2 

30.6 

0 

None 

30 

1400 

580 

83 

300 

120 

59 

41.8 

PA-70 

54.2 

30.6 

0 

Tempered 

30 

1430 

120 

93 

950 

100 

65 

40  a 

PA-71 

65.0 

36./ 

0 

None 

30 

1380 

530 

32 

1010 

110 

73 

/in  7 

1 u.f 

PA-71 

65.0 

36.7 

0 

T empered 

30 

1580 

no 

35 

1360 

inn 

i 

73 

<1  I A 

OH.O 

PA-71 

55  0 

36.7 

0 

None 

30 

1380 

530 

92 

840 

120 

73 

42.9 

PA-71 

65.0 

36.7 

0 

Tempered 

30 

1580 

no 

95 

1170 

TOO 

76 

34.6 

PA-97 

65.0 

26.7 

10 

None 

30 

1380 

690 

84 

700 

140 

64 

45.3 

PA-97 

65.0 

36.7 

10 

Tpmno 

30 

1780 

190 

95 

920 

110 

71 

34.5 

PA-99 

65.0 

367 

20 

None 

30 

1200 

900 

75 

500 

190 

51 

52.0 

PA-99 

65.0 

36.7 

20 

Tempered 

30 

1.530 

270 

88 

850 

160 

62 

38.4 

PA-96 

75.8 

42.7 

0 

None 

30 

1470 

6-30 

no 

JK) 

inn 

ll/U 

120 

01 

Ul 

40.2 

PA-96 

758 

42.7 

0 

Tempered 

30 

1350 

100 

i00+ 

1220 

100 

83 

33.7 

PA-98 

75.8 

42.7 

10 

None 

30 

1350 

710 

95 

900 

130 

76 

42.2 

PA-98 

75.8 

42.7 

10 

Tempered 

30 

1320 

190 

100 

1 1 1 n 

lnu 

120 

75 

32.7 

PA-100 

75.8 

42.7 

20 

None 

30 

1150 

790 

87 

590 

170 

64 

46.6 

PA-100 

75.8 

42.7 

20 

Tempered 

30 

1360 

220 

99 

900 

140 

70 

34.1 

(1)  All  t-mpering  wot  for  7 hoort  a*  350  F.  Bat.  Rocipo;  lngr.dl.ntt Portt  by  Woigh. 


! I year  4021  100 

Hi-Sll  A - -hpwn 

Steoric  odd  1 

Methyl  Tuods  2 

Trlefhylen#  tetr  amine  1.5 

P losticixer  ( F lexol  R2H)  As  shown 


W ADC  TR  =-4-i90 


F -63  and  F -64 


OH  AGING  PROPERTIES  OF  HYCAR  4021 


Agirg  in  I urbo  Physical  Properties  After  Aging  Physieol  Properties  After  Aging 

of  350  F ii  Tur  bo  Oil-15  168  Hours  ot  3 50  F in  Turbo  Oi  I - 1 j 500  Hours  a»  3 50  F 


Crock- 

ing 

Type 

of 

Turbo 

Oil 

T ensile 
Strength, 
psi 

E lango- 
t*on, 
per 
cent 

Hord- 

ness. 

Shore 

A 

Swell, 

per 

cent 

Crock- 

Typ» 

of 

T urbo 
Oil 

T ensile 
Strength, 
psi 

E longa- 
tion, 
per 
cent 

Hord  • 

ness. 

Shore 

A 

Swell, 

per 

cent 

Clock- 

ing 

T ypo 
T urbo 

r"\  • f 
U 1 1 

None 

Esso 

820 

120 

54 

r /» 
JO.O 

None 

Essn 



_ 



_ 

None 

Esso 

960 

140 

55 

51.7 

None 

Esso 

- 

- 

- 

- 

- 

nunc 

Esso 

580 

140 

49 

46.3 

None 

Esso 

_ 

_ 

_ 

— 

_ 

None 

Esso 

690 

no 

56 

40.9 

None 

Esso 

- 

- 

- 

- 

None 

Esso 

650 

130 

53 

42.6 

None 

Esso 

_ 

_ 

_ 

_ 

_ 

None 

Esso 

730 

120 

59 

40.4 

None 

Esso 

- 

- 

- 

- 

- 

None 

Esso 

730 

100 

60 

cn  a 

UU.  J 

None 

Esso 

_ 

_ 

_ 

_ 

__ 

_ 

None 

Esso 

830 

110 

62 

47.2 

None 

Esso 

- 

- 

- 

- 

- 

None 

Esso 

1130 

pn 

75 

43.1 

None 

Esso 

910 

180 

70 

40.2 

None 

Esso 

None 

Esso 

1150 

< flft 

1UU 

77 

38.3 

None 

Esso 

940 

HO 

75 

44.8 

None 

Esso 

None 

Penola 

1060 

120 

74 

42.9 

None 

Penola 

1050 

190 

62 

50.8 

None 

Penola 

None 

Penola 

930 

90 

76 

39  7 

N one 

Penola 

1190 

130 

71 

49.5 

None 

Penola 

None 

Penola 

610 

130 

63 

44.9 

None 

T’enola 

800 

190 

66 

48.3 

None 

Penola 

None 

Penola 

890 

120 

68 

38.1 

None 

Penola 

820 

120 

57 

46.3 

None 

Penola 

None 

Penola 

460 

170 

52 

53.7 

None 

Penola 

_ 

_ 

— 

_ 

_ 

_ 

None 

Penola 

750 

150 

60 

40.7 

None 

Penola 

- 

- 

- 

- 

Mono 

PCmoSc 

980 

inn 

4VU 

on 

Ui. 

42.C 

SI 

l«  Wl  IV 

Penola 

1 prp 

A */v'V» 

AUU 

81 

498 

None 

Pesioia 

None 

Penola 

11)0 

90 

84 

37.2 

None 

Penola 

1220 

120 

Si 

46.8 

Cracked  Penola 

Nnnp 

Pong!  a 

Ran 

130 

77 

43.0 

None 

Penol3 

830 

200 

75 

44.7 

None 

Penola 

None 

Penola 

lulu 

110 

77 

37.1 

None 

Penola 

940 

120 

SO 

41.3 

None 

Penola 

None 

Penola 

540 

150 

65 

43.5 

None 

Penola 

- 

_ 

_ 

— 

- 

No-'e 

Penola 

770 

130 

71 

35.9 

None 

Penola 

- 

- 

- 

- 

- 

- 

WADC  TR  54-190 


i'  -65 


TABLE  39.  THE  EFFECT  OF  FILLERS 


Phyyjcol  Propsrti**  After 
Original  Physical  Properties  Oil-15  72  Hours 


Rec.as 

r«"a. 

Filler,  type 

Filler, 
phr  t>y 
weight 

Filler, 

phr  by 
ve’ume 

Cure, 

minutes 

310  F 

Treatment 

After 

Cure 

Tonsils 

St*ongth, 

psi 

Elonga 

tian, 

psr 

esnt 

• Hard- 

nsss,  T snail# 
Shars  Strsngth, 
A psi 

Elonga- 

tion, 

P*r 

cant 

Hard- 

nsss, 

Shars 

A 

Swsll, 

psr 

esnt 

PA-2 

Philblack  A 

40 

24.4 

30 

None 

1540 

353 

63 

640 

70 

57 

39.1 

PA-2 

Philblack  A 

40 

24.1 

30 

Temped*1 

1 1710 

130 

74 

570 

70 

60 

41.1 

PA-88 

Philblack  A 

40 

24.4 

30 

None 

1560 

490 

64 

510 

90 

55 

41. i 

PA-61 

Philblack  A 

50 

30.6 

30 

None 

1360 

530 

88 

660 

120 

45 

47.6 

PA-62 

Philblack  A 

60 

3A7 

30 

None 

1310 

390 

73 

710 

109 

53 

43.1 

PA-89 

Philbiack  A 

70 

42.7 

30 

None 

1350 

330 

88 

910 

90 

67 

39.1 

PA-90 

Philblack  A 

8G 

48.8 

30 

None 

1360 

240 

95 

1300 

80 

72 

35.9 

PA-91 

Philblack  A 

40 

24.4 

30 

None 

1320 

490 

65 

540 

90 

59 

39.4 

Calcene  TM 

13.9 

6.2 

PA-91 

Philblack  A 

40 

24.4 

30 

Tempered 

1540 

140 

£7 

400 

70 

65 

39.4 

Caicene  TM 

13.9 

6.2 

PA-92 

Philblack  A 

40 

24.4 

30 

None 

1220 

470 

70 

640 

80 

64 

35.1 

Qaicen0  TM 

27.8 

12.3 

PA-92 

a 

r iinuiain  n 

Afl 

1U 

24.4 

30 

T empered 

1400 

110 

94 

530 

60 

72 

39  0 

Wk.W 

Calcene  TM 

27.8 

12.3 

PA-33 

Philblack  A 

40 

24.4 

30 

None 

970 

470 

78 

800 

10C 

66 

34.2 

Calcene  TM 

55.6 

24.4 

PA-33 

Philblack  A 

40 

24.4 

30 

Te  roc  red 

1210 

100 

98 

750 

70 

75 

32.3 

Calcer.e  TM 

55.6 

24.4 

PA-15 

Philblack  0 

40 

24.4 

30 

None 

2110 

420 

67 

rrn 

ovO 

100 

55 

37.8 

PA-65 

ELC  Magnesia 

40 

13.8 

60 

None 

1000 

540 

47 

230 

60 

51 

81.3 

PA-30 

ELC  Magnesia 

71 

24.4 

30 

None 

1640 

510 

62 

450 

50 

65 

66.8 

PA-30 

ELC  Magnesia 

71 

24.4 

30 

Tempered 

1500 

120 

82 

580 

40 

72 

63.1 

PA  60 

Silene  EF 

46.6 

24.4 

30 

None 

1080 

630 

63 

320 

100 

48 

47.1 

PA-60 

Silene  EF 

4S.6 

24.4 

30 

Tempered 

1030 

140 

67 

570 

90 

57 

38.1 

PA-94 

Silene  EF 

58.3 

30.6 

30 

None 

3070 

490 

75 

550 

90 

64 

39.7 

PA-94 

Silene  EF 

58.3 

30.6 

30 

Tempered 

1180 

120 

85 

760 

'JO 

71 

32.7 

PA-95 

Silene  EF 

70 

36.7 

30 

None 

1080 

430 

85 

760 

80 

74 

35.4 

PA-95 

Silene  EF 

70 

36.7 

30 

Tempered 

1260 

100 

93 

900 

30 

80 

28.6 

PA-66 

Hi-Sil  C 

43.3 

24.4 

30 

None 

1670 

700 

-M 

11 

840 

170 

53 

48.4 

PA-66 

Hi-Sil  C 

43.3 

24.4 

30 

Tempered 

1410 

Liu 

QC 

830 

140 

55 

47.6 

PA-103 

Aerosil 

46.6 

24.4 

30 

None 

1330 

630 

84 

590 

130 

65 

42.1 

PA-103 

Aerosii 

46.6 

24.4 

30 

Tempered 

1280 

230 

94 

550 

90 

72 

43.2 

(11  All  tempering  was  f a r 

• 7 hours 

i ot  350 

F. 

Bass 

Rscips: 

Ingredients 

Par*-  by  Wsight 

Hycar  402  i 
Fillsr 

Stsaric  acid 
Methyl  Tuad 
Tristhylsns 

k 

tstramin# 

ICC1 

A » fhci 
1 
2 

l.: 

wr, 

5 

W ADC  TR  54-190  F-66 


ON  AGING  PROPERTIES  OF  HYCAR  4021 


W Aging  in 

1 of  350  F 

1 

Turbo 

Physical 
in  Turbo  O 

Properties  After 
i 1-  15  168  Hours  a 

Aging 
it  350  F 

Physicol  Properties  After  Aging 
in  Turbo  0;l-l5  500  Hours  ot  350  F 

T Crock* 

ing 

Typo 

of 

Turbo 

Oi! 

T ensile 
Strength, 
psi 

Elonga- 

tion, 

psr 

cent 

Hord- 

resi, 

Shore 

A 

Swell, 

por 

cent 

Crock- 

ing 

Type 

of 

Turbo 

Oil 

Tent  ile 
Strength, 
psi 

Flange- 

tion, 

per 

cent 

Hord- 

ness, 

5hor« 

A 

Swell, 

per 

cent 

Crock- 

ing 

Typ- 

of 

Turbo 

Oil 

1 

None 

Esso 

640 

80 

c t 

41.9 

None 

Esso 

530 

100 

46 

50.2 

None 

Esso 

None 

Esso 

500 

70 

53 

50.5 

None 

Esso 

650 

no 

49 

62.5 

None 

Ess' 

1 None 

Penola 

390 

80 

56 

4 -.4 

None 

Penola 

610 

120 

48 

58.7 

None 

Penola 

r None 

Fsso 

870 

170 

43 

52.6 

rione 

Esso 

- 

- 

- 

- 

- 

- 

1 None 

Esv.o 

660 

iZG 

51 

43,1 

None 

Esso 

- 

- 

- 

- 

- 

- 

f None 

Penola 

600 

70 

67 

41.2 

None 

Penola 

- 

- 

- 

- 

- 

- 

| None 

Penola 

860 

70 

74 

40.3 

None 

Penola 

- 

- 

- 

- 

- 

- 

| None 

Penola 

350 

100 

54 

42.3 

None 

Penola 

- 

- 

- 

- 

- 

- 

1 

None 

1 

Penola 

400 

80 

64 

41.4 

None 

Penola 

- 

- 

- 

- 

- 

- 

None 

Penola 

550 

70 

66 

39.5 

None 

Tenola 

790 

inn 

53 

46.2 

None 

Penola 

f None 

Penola 

530 

70 

70 

*>A  0 

U-Tiv 

None 

Penola 

620 

90 

55 

50.5 

None 

Penola 

j None 

Penola 

390 

80 

64 

37.8 

None 

Penola 

- 

- 

- 

- 

- 

- 

None 

PcnoU 

SSG 

70 

72 

34.1 

None 

Penola 

- 

- 

- 

- 

- 

A 

| None 

Eccc 

620 

80 

55 

47.0 

None 

Esso 

- 

- 

- 

- 

- 

- 

i 

None 

Esso 

260 

60 

54 

106.6 

Nona 

Esso 

- 

- 

- 

- 

- 

- 

Cracked 

Esso 

430 

60 

66 

86.3 

Crackea 

Esso 

- 

- 

- 

- 

- 

- 

Cracked 

Esso 

530 

40 

74 

101.4 

Cracked 

Esso 

- 

- 

- 

- 

- 

- 

None 

Esse 

450 

120 

AS 

w 

50.4 

None 

Esso 

500 

150 

49 

63.6 

None 

Esso 

1 

None 

Esso 

570 

100 

57 

45.4 

None 

Esso 

430 

100 

56 

58.1 

None 

Esso 

None 

Penola 

580 

90 

64 

40,9 

None 

Penola 

920 

110 

57 

46.9 

None 

Penola 

None 

Penoia 

840 

90 

70 

33.9 

None 

1 OIIUIU 

970 

90 

65 

42.8 

None 

Penola 

None 

Penola 

800 

90 

7) 

37.6 

hfAAg 

Penola 

1000 

100 

64 

42.7 

None 

Penola 

None 

Penola 

M0 

80 

79 

3n.8 

None 

Penola 

1240 

90 

72 

35.7 

None 

Penola 

None 

Esso 

670 

160 

51 

51.8 

None 

Esso 

- 

- 

- 

- 

- 

1 

ft.nng 

Esso 

730 

150 

53 

50.4 

None 

Esso 

- 

- 

- 

- 

- 

- 

None 

Pi>nn|a 

520 

90 

70 

46.3 

None 

Penola 

- 

- 

- 

- 

- 

- 

None 

Penola 

570 

90 

72 

47.4 

Ncne 

Penola 

- 

- 

- 

- 

- 

- 
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TABLE  40.  THE  EFFECT  OF  LUBRICANTS  ON  AGING  PROPERTIES  OF  HYCAR  40311 


—4  r— I oo  h— 

n i?5  in 


— • co 

ui  — J 

to 


\\\  ' 6 

£:l? 


ffi  S B 


B a 


? if 

qt  «»  C 

4r  c • 


*-  h „ i 

5 1 1 i i 

••  JO  •-  U 


R {2  a S B 


w * c - 

< 5 ( a 

►”  J* 


s s?  S S B B 

r*^  t&  to 


f j . . 

s E 5 8 = 

? J2  -r  a.  • 

UJ 

0. 


a r s 

CO  '.O  LO 


fo  ^ R on» 

lo  11*5  to  to  ^ in 


*\  § ° 


^ ^ w * 3 - f 

* Qu^hi*- 
■a  * o o _ T.  6 

? « — -fc  ■£  .•  t 

— £ C 3 • ..  £ 

x 0.  -J  5 K 


W ADC  TPv  54-190 


F-68 


TABLE  41.  COMPARISON  OF  AGING  HYCAR  4021 


Physieol  Properties  After 

Griginol  Physieol  Properties  Agin?  in  Turbo  Oil- Id  72  Hours  ot  350  F 


Recipe 

No. 

T raatment 
After 
Cure 

Cure, 

minutes 

at 

310  F 

Tens;!* 

Strength, 

P*i 

E longo- 

per 

cent 

Hard- 

ness, 

Shore 

A 

T ensile 
Strength, 
psi 

Elango- 

fion, 

per 

cent 

Hai  d- 
ness, 
Shore 
A 

Swell, 

per 

cent 

Cracking 

Typ, 

of 

Turbo 

Oil 

PA-52 

None 

3Q 

1590 

300 

67 

820 

130 

47 

42.2 

None 

Esso 

PA-52 

None 

30 

1590 

300 

67 

670 

130 

52 

43.4 

None 

Penola 

PA-71 

None 

30 

!3«n 

530 

92 

1010 

no 

73 

40.7 

None 

Esso 

PA-71 

None 

30 

1380 

530 

92 

540 

120 

73 

42.9 

None 

Penoia 

PA-71 

Tempered*1' 

30 

1580 

110 

95 

1360 

100 

79 

34.6 

None 

Esso 

PA* /I 

Tempered* 11 

30 

1580 

110 

95 

1170 

100 

76 

34.6 

Non? 

Penola 

PA-82 

None 

15 

1920 

260 

70 

970 

130 

52 

41.8 

None 

Esso 

PA-8? 

None 

b 

1920 

FA 

40U 

-»n 

/u 

7cn 

/ JV 

110 

52 

42.1 

None 

Penola 

PA-82 

None 

30 

1820 

AAn 

LOV 

trt 

1C 

850 

120 

52 

40.3 

None 

Esso 

PA-82 

None 

30 

1820 

230 

72 

870 

no 

55 

39.7 

None 

Penola 

PA-82 

None 

60 

1940 

200 

73 

1069 

120 

53 

39.0 

None 

Esso 

PA-82 

Mnno 

60 

1940 

200 

73 

860 

100 

55 

39.1 

None 

Penola 

PA-82 

None 

120 

1920 

1 rn 

lou 

74 

rt 

1140 

120 

55 

38.1 

None 

Esso 

PA-82 

None 

120 

1920 

ibO 

74 

850 

100 

58 

36.1 

None 

Penola 

(1)  All  tempering  wo«  for 

7 hcjrs 

ot  350  F. 

Recipes 

(2)  Insufficient  Esso  Turbo  Oil- 1 i 

5 was  available 
on  PA-82. 

to  <un 

Ingredients 

PA-52 

PA-71 

PA-82 

Hycor  4021 

PUjlKL-l;  A 

Hi-Sil 

Stearic  acid 
Sulfur 

100 

40 

1 

0.9 

100 

65 

1 

100 

40 

1 

0.9 

Ti  iethylene  tetromine  2,1  1,5  2,1 

Methyl  Tuads  1 2 1 


F/rj  - XT'  _ *7  A 

07  a.  i v 


W ADC  TR  54-190 


COMPOUNDS  IN  ESSO  AND  PENOLA  TURBO  OIL- 15 


r*hys 

ico*  P'cperfies 

After 

Phy 

sicol  Properties  After 

Aging  in  Furbo  Oil*!5 

168  Hours  ot  350  F 

Aging  in  Turbo  Oil* 

15  500  Hours 

or  350  F 

i_  imiyu- 

Honr 

Typ. 

ElO'igo* 

Haro- 

Type 

Tensile 

tion. 

ness, 

Swell, 

of 

T aniil* 

tion. 

ness. 

Sw.W, 

.i 

Strength, 

por 

bhore 

par 

Turbo 

Strength, 

per 

Shore 

per 

Turbo 

P »• 

cent 

A 

cent 

Crocking 

0‘i 

psi 

cent 

A 

cent 

Crocking 

Oii 

65C 

110 

48 

42.9 

None 

Esso 

520 

130 

44 

57.4 

None 

Esso 

760 

130 

52 

46.2 

None 

Penola 

820 

150 

46 

55.4 

None 

Pencla 

1130 

120 

75 

43.1 

None 

F.sso 

910 

180 

70 

48.2 

None 

Esso 

1060 

120 

7* 

42.3 

None 

Penola 

1080 

190 

PA 

0 L 

50.8 

None 

Penola 

1150 

1 AA 

iUU 

77 

38.3 

None 

Esso 

940 

140 

75 

44.8 

None 

Esso 

930 

90 

76 

39.7 

None 

Penola 

1190 

130 

71 

AG  C 

TV.U 

None 

Penola 

(2) 

400 

80 

56 

43.1 

None 

Penola 

550 

ICO 

47 

53.2 

None 

Penola 

460 

80 

Rfi 

4!.? 

None 

Penola 

620 

110 

50 

53.5 

None 

-enoia 

560 

70 

59 

39.8 

None 

Penol  a 

600 

90 

53 

52.2 

None 

Penola 

690 

70 

hfj 

40.3 

None 

Penola 

790 

110 

53 

46.5 

None 

Penola 

W ADC  TR  54-190 
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TABLE  42.  THE  EFFECT  OF  ADDING  PYCAR 


?!;yt1cal  Properties  After 

Original  Physicol  Properties  Aging  in  Turbo  0 i l-l 5 72  Hours  Of  350  F 


Recipe 

No. 

H ycor 
1001, 
pbr 

T reotment 
After  Cure 

min* 

ute  3 

et 

310  F 

Tonsil# 

Strength, 

psi 

elonga- 

tion, 

por 

cent 

Hard  • 
noss, 
Shor# 
A 

Tensile 

Strongth, 

Eiongo- 

tion, 

por 

cant 

Hard- 

ness, 

Shore 

A 

Swell, 

Per 

cent 

Cracking 

T ypo 
of 

T urbo 
Oil 

PA-88 

0 

None 

30 

1560 

490 

64 

__  

5i0 

90 

55 

41.1 

None 

Penola 

PA-80 

5 

None 

30 

1750 

500 

64 

630 

no 

53 

44.3 

None 

Esse 

PA-81 

10 

None 

30 

1590 

con 

U'SV 

63 

800 

120 

52 

44.8 

None 

Esso 

PA-101 

15 

None 

30 

1450 

510 

6h 

590 

90 

60 

39.7 

None 

Penola 

da  ini 

i n iut 

>5 

Tempered*'** 

30 

1340 

130 

85 

880 

80 

75 

35.1 

None 

Penola 

PA-102 

20 

None 

30 

1380 

560 

64 

780 

110 

57 

40.6 

None 

Penola 

PA-102 

20 

Tempered 

30 

1580 

170 

83 

740 

80 

72 

36.9 

None 

Penola 

(1)  All  tempering  w for  7 hour*  at  350  F.  Ease  Recipe:  Ingr cdisn.M Ports  by  Weight 


Hycor  402 1 100 

Hycor  1001  At  shown 

P hi  I b lock  A 40 

Steoric  acid  1 

Methyl  Tuods  2 

Triethylene  tetr  am  in*  1.5 


W ADC  TR  54-190 


F-72 


! 


1 

l 

1 1001  TO  A HYCAR  4021  COMPOUND 


Physlcol  Properties  After 
Aging  in  Turbo  Oi!*)S  168  Hours  a*  *50  F 


T ensile 
Strength, 
psi 

F longo- 
tion, 
per 
cent 

Hord* 

ness. 

Shore 

A 

Swell, 

per 

cent 

Crocking 

300 

80 

56 

44.4 

None 

P(*A 

100 

58 

48.3 

None 

630 

100 

62 

52.5 

None 

860 

90 

68 

41.0 

None 

900 

70 

77 

37.7 

None 

740 

90 

63 

46.2 

None 

850 

80 

74 

39.6 

None 

W ADC  TR  54-190 


Physicol  Properties  After 
Aging  in  TuiSw  C 1 !*  » 5 50 0 Hour*  *-•  350  F 


Typ« 

of 

T urbo 
Oil 

Tensile 
Stre  ngth, 
pat 

E longo- 
f ion, 
per 

Hord- 
nes  s, 
Shore 
A 

Swell, 

Pot 

cent 

Crocking 

Typ« 

of 

T urbo 
Oil 

Penola 

610 

120 

48 

58.7 

Ncne 

Pcp.oIc 

Esso 

860 

160 

59 

53.4 

None 

Esso 

Esso 

930 

170 

6R 

57.3 

None 

Esso 

Penola 

370 

80 

fit; 

W V 

54.4 

None 

Penola 

Penola 

1120 

70 

91 

49.2 

None 

Penola 

r> i - 

i cnuid 

330 

100 

75 

60.4 

Nona 

Penola 

Penoia 

95U 

80 

83 

51.5 

N one 

Penola 

F-73 


TABLE  43.  PRCPERTiES  OF  ACRYLOM 


Grigi.iol  Physicol  Physicol  Proportios 


Rocipo 
No.  T 

Vul  coni  zing  Agor.ts, 
phr 

Filler 

Cura, 
mi  n« 

uta  s 
ot 

310  F 

Troatrr.ant 
Aftar  Cura 

Propartias 

O' 

• 1*15  72  Hours 

Tansila 

Strangth, 

psi 

E long  ra- 
tion, 
par 
cant 

Herd- 

noss, 

Shora 

A 

TansiSa 

Strength, 

psi 

Elonoa* 

Mon, 

p«7 

cant 

Hord- 

nass, 

Shora 

A 

Swall, 

par 

rant 

Mothyl 
ETA  Tuods 

Sulfur 

Type 

P^S 

PA- 109 

0.8 

0.8 

2.4 

Philblack  0 

40 

60 

None 

1770 

/y l) 

b3 

350 

1380  , 

35 

49.9 

PA- 1 10 

0.8 

2.4 

0.8 

Philblack  0 

40 

- 

(Undercured  at  120  min) 

- 

- 

- 

- 

PA-57 

1.5 

2.0 

- 

Philblack  0 

40 

- 

(Undefcured  at  120  min) 

- 

- 

- 

_ 

PA-58 

1.5 

- 

1,0 

Phiibiack  0 

40 

on 

ou 

None 

1790 

670 

70 

1150 

520 

38 

43.4 

PA-83 

L5 

- 

1.0 

Philblack  0 

50 

15 

None 

2370 

520 

81 

1180 

430 

43 

48.1 

30 

None 

2410 

470 

82 

1200 

330 

48 

45.3 

60 

None 

2320 

450 

84 

1120 

360 

50 

47.1 

PA-84 

1.5 

- 

2.0 

Philblack  0 

50 

30 

None 

2270 

490 

54 

1080 

390 

47 

47.4 

GO 

None 

2310 

410 

87 

1260 

330 

53 

42.4 

PA- 108 

2.1 

1.0 

C.S 

Philblack  0 

40 

30 

None 

2430 

4dU 

71 

1220 

310 

46 

42.0 

PA- 122 

2.1 

1.0 

0.9 

Philblack  0 

50 

30 

None 

2370 

400 

82 

1280 

250 

55 

39.0 

60 

None 

2400 

310 

82 

1310 

180 

60 

34.8 

120 

None 

2380 

250 

85 

1300 

150 

69 

30.2 

r\  * t 

r mu. 

2.1 

1.0 

0.9 

Philblack  0 

50 

30 

Tempered!1' 

2150 

260 

DA 

U T 

1470 

220 

62 

37.3 

60 

Tempered(,l 

20  20 

18) 

86 

1410 

170 

67 

37.5 

120 

Tempered!’' 

1850 

13) 

90 

1100 

120 

7? 

33.0 

PA- 123 

2.1 

1.0 

0.9 

Philblack  0 

40 

30 

None 

2290 

440 

73 

155G 

230 

54 

37.7 

60 

None 

2450 

360 

74 

1270 

180 

57 

33.9 

120 

None 

2500 

310 

75 

1130 

150 

60 

30.5 

PA- 123 

11 

1.0 

0.9 

Philblack  0 

40 

30 

Tempered 

2290 

290 

77 

1200 

190 

55 

33.5 

60 

Tempered 

2290 

2D0 

81 

1100 

150 

60 

32.3 

120 

Tempered 

1970 

160 

81 

1160 

140 

64 

33.1 

PA- 105 

0.8 

0.8 

2.4 

Philblack  A 

40 

- 

(Undercured  at  120  min) 

- 

PA- 106 

0.8 

2.4 

0.8 

Philblack  A 

40 

- 

(Undercured  ui 

120  min) 

- 

- 

•- 

- 

PA-5 

1.5 

2.0 

- 

Philblack  A 

40 

30 

None 

1310 

820 

56 

750 

800 

32 

52.1 

PA-5 

1.5 

2.0 

- 

Philblack  A 

40 

30 

Tempered 

1690 

450 

71 

850 

bOO 

34 

43.7 

PA-107 

1.8 

18 

0.4 

Philblack  A 

40 

60 

None 

1640 

620 

S3 

7*1 

1 U. 

920 

34 

54.6 

PA- 104 

11 

1.0 

0.9 

Fhilblcck  A 

40 

30 

llOlIC 

ls20 

450 

71 

non 

70L! 

ann 

UUV 

43 

39.0 

PA-133 

2.1 

1.0 

0.9 

Philblack  A 

40 

30 

None 

'<1  T> 

kiwu 

300 

75 

1230 

150 

55 

32.3 

60 

None 

2120 

230 

73 

1150 

130 

64 

30.1 

120 

None 

2110 

190 

82 

1300 

120 

69 

25.8 

PA-120 

11 

1,0 

0.9 

Philblack  A 

4C 

30 

Tempered 

2180 

200 

tfi 

1140 

140 

so 

35.3 

Philblack  A 

uu 

Tempered 

2150 

150 

86 

1060 

120 

67 

31,8 

Philblack  A 

120 

Tempered 

1950 

130 

88 

1050 

90 

73 

28.8 

PA- 121 

2,1 

1.0 

0.9 

Philblack  A 

50 

30 

None 

1930 

250 

80 

1170 

150 

63 

32.6 

60 

None 

1980 

2)0 

82 

1220 

120 

72 

28.9 

120 

None 

?!80 

180 

84 

1350 

110 

73 

27.3 

PA-121 

11 

1.0 

0.9 

Philblack  A 

50 

30 

Tempered 

1840 

170 

86 

1110 

140 

64 

3f.n 

60 

Tempered 

1970 

130 

36 

1260 

110 

73 

30.2 

120 

Tempered 

2020 

130 

86 

1120 

90 

76 

28.1 

PA-31 

1 ct 

2.0 

- 

Philblack  £ 

40 

- 

(Undercured  at  120  min) 

_ 

_ 

PA-32 

L7 

2.0 

- 

Philblack  E 

40 

- 

(Undercured  at  120  min) 

— 

— 

_ 

_ 

PA-33 

L7 

2.0 

0.5 

Philblack  E 

40 

- 

(Undercuied  at  120  min) 

- 

— 

- 

— 

All  tomporirg  wos  for  7 hcvrs  ot  350  F.  Boso  Rocipo:  ingrodonts  Ports  b«-  Wejnhr 


Aery  Ion  EA-5 
Filler 

Stooric  oj id 
Vulcanising  ugant 


100 

As  shown 
1 

As  shown 


W ADC  TR  54-190 


F -74 


EA-5  VULCAN!  ZATFS  AFTER  AGiNG 


Aflor  Aging 

in  Turbo 

Physical  Proport 

i«s  After  Aging  in 

Physical 

1 Properties  After  Aging  in 

at  350  F 

T urbo  0 i 

1-15  1 58  Hours 

OI  350  F 

Turbo  Oil- 15  500  Hoyrs  ot  350  F 

T yp« 

E long  ci- 

Hard- 

T yp« 

Eiongo- 

Hara» 

T yp« 

of 

Tsnsilf* 

tion- 

n«ss, 

Sw.N, 

cf 

Tonsil* 

tion. 

ness.  Swell, 

of 

i urbo 

Strength, 

*hor« 

per 

T urbo 

Strength. 

per 

Shcrs  per 

T urbo 

r- l _ 

Ol! 

psi 

cont 

A 

cent 

Crocking 

Oil 

psi 

cent 

A cent  Cracking 

Oil 

None 

Penola 

400 

1150 

34 

58.1 

None 

Penola 

- 

- 

- 

- 

- 

M 

• UK  1C 

Esso 

520 

330 

40 

39.5 

None 

Esso 

- 

- 

- 

None 

Esso 

520 

300 

41 

42.4 

Non? 

Esso 

- 

- 

- 

- 

- 

None 

Esso 

SO 

230 

49 

42.6 

None 

Esso 

360 

no 

71  27.2 

None 

Penoia 

None 

Esso 

450 

210 

52 

40.9 

None 

Esso 

- 

- 

- 

- 

- 

None 

Esso 

540 

290 

48 

42.6 

None 

Esso 

- 

- 

- 

- 

- 

None 

Esso 

350 

140 

55 

36.3 

None 

Esso 

- 

- 

- 

- 

- 

None 

Penola 

1200 

300 

46 

44.1 

None 

Penola 

460 

100 

68  24.1 

Cracked 

Penola 

None 

Penola 

1320 

200 

60 

39.0 

None 

Penola 

Tests  in  progress 

None 

Penola 

i080 

160 

63 

30.6 

None 

Penola 

Tests  in  progress 

None 

Penola 

330 

100 

70 

32.3 

None 

Penola 

Tests  in  progress 

None 

Penola 

1120 

230 

60 

38.5 

None 

Penol3 

Tests  in  progress 

None 

Penola 

770 

110 

67 

37.9 

None 

Penola 

Tests  in  progress 

None 

Penola 

660 

80 

72 

34.4 

None 

Penola 

T ests  in  progress 

None 

Penola 

940 

170 

55 

38.3 

None 

Penola 

Tests  in  prograss 

None 

Penola 

820 

140 

60 

32.5 

None 

Penola 

Tests  in  progress 

None 

Penola 

530 

110 

CO 

u«- 

30.0 

None 

Penola 

Tests  in  progress 

None 

Penola 

950 

170 

55 

40.8 

None 

Penola 

Tests  in  progress 

None 

Penola 

670 

120 

60 

34.7 

None 

Penola 

Tests  in  progress 

None 

Penola 

620 

90 

67 

31.7 

None 

penola 

Tests  in  progress 

None 

Esso 

340 

450 

32 

43.6 

None 

Esso 

- 

- 

- 

- 

- 

None 

Esso 

410 

400 

34 

40.4 

Nune 

Esso 

- 

- 

- 

- 

- 

None 

Penola 

8U0 

890 

33 

54.4 

None 

Penola 

- 

- 

- 

- 

- 

None 

Penola 

1140 

260 

47 

37.6 

None 

Penola 

480 

50 

83  24.9 

Cracked 

Penola 

None 

Penola 

540 

90 

63 

31.8 

None 

pcPiOl  3 

Tests  in  progress 

None 

Penola 

710 

90 

67 

28.9 

Cracked 

Penola 

- 

- 

— 

- 

- 

None 

Penola 

610 

60 

75 

25.6 

Cocked 

Penola 

- 

- 

- 

- 

- 

None 

Pe"ola 

910 

110 

64 

35.4 

None 

Penola 

Tests  in  progress 

None 

Penola 

540 

70 

68 

31.3 

Ciacked 

Penola 

- 

- 

- 

- 

- 

None 

Penola 

600 

60 

77 

29.9 

Cracked 

Penola 

- 

- 

- 

- 

- 

None 

Penola 

960 

no 

67 

34.2 

None 

Penola 

Tests  in  progress 

None 

Periola 

720 

80 

71 

OO  0 

AU.U 

None 

Penola 

Tests  in  progiess 

None 

Penola 

750 

80 

74 

26.9 

None 

Penola 

Tests  in  progress 

None 

Penola 

930 

100 

69 

38.9 

None 

Penola 

Tests  in  progress 

None 

Penola 

730 

70 

75 

30.6 

Cracked 

Penola 

- 

- 

- 

- 

- 

None 

Penola 

700 

60 

77 

28.3 

Cracked 

Penola 

— 

_ 

— 

— 

- 

— 

— 

— 

- 

- 

— 

- - 

- 
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TABLE  44.  AGIHG  PROPERTIES 


Kecioe 

Mo. 

Polymer 

Cure, 
min- 
ute s 
of 

310  F 

T reatinen? 
After  Cure 

Original  Physicol  Properties 
Elongo-  Hord- 

Strength,  p.r  Shore 

P»*  cent  A 

Physical  Properties  After  Air  S 

Aging  72  Hours  of  350  F Jj 

Elongo-  Hord- 

Tensile  Mon,  ness. 

Strength,  per  Shore  1 

psi  cent  A Crocking  B 

PA-11 

Hycar  PA 

120 

None 

1250 

260 

69 

1460 

40 

97 

Clacked 

120 

Tempered^ 

1470 

70 

72 

1540 

40 

98 

Clacked  ■ 

PA- 13 

Acrylon  3A-12 

30 

None 

1630 

430 

61 

I486 

210 

74 

9 

None 

30 

Tempered 

1570 

300 

67 

1430 

210 

76 

None  ■ 

B 

VP-1 

Philprene  VP 

30 

None 

129C 

190 

68 

- 

- 

- 

VP? 

Philprene  VP 

30 

None 

2790 

300 

73 

- 

- 

- 

E 

(1)  All  tempering  woi  for  ? hours  of  350  F.  Ingredients 


pa-ii 

PA-13 

VP-l 

VP-2 

Hycor  PA 

mo 

_ 

_ 

Acrylon  8A-12 

- 

ICO 

- 

- 

Philprene  VP 

— 

- 

100 

100 

Philblock  A 

40 

40 

- 

- 

Philblock  O 

- 

- 

40 

40 

Steoric  Acid 

1 

1 

- 

1.5 

Triethylene  tetromlne 

5 

t 

- 

- 

L itnorge 

10 

- 

10 

- 

Sulfur 

- 

1 

- 

1.5 

Benzol  chloride 

- 

10 

on 

Zinc  oxide 

— 

- 

- 

3 

Altox 

- 

_ 

_ 

1.5 

I 


I 


I 

WaDC  TR  54-190 


F-76 


I 
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OF  MISCELLANEOUS  POLYMERS 


Physical  Property*  After  Aging  in  Physlcol  Properties  After  Aging  in 

Turbo  Oil-15  72  Hours  at  350  F Turbo  Oi!-l5  168  Hours  of  350  F 


T ensile 
Strength, 
P *; 

Elonga- 

tion, 

P«r 

cent 

Hard- 

ness, 

Shore 

A 

Swell, 

per 

cent 

Crocking 

Typ» 

of 

T urfco 
Oil 

Tensile 

Strength, 

psi 

E Songo- 
tion, 
p*. 

cent 

Hord- 
ne  ss, 

Shore 

A 

Swell, 

per 

cent 

Cracking 

Type 

of 

T urbo 
Oil 

470 

50 

75 

31.9 

None 

Esso 

4 J0 

50 

75 

34.0 

None 

Esso 

560 

50 

77 

31.0 

Cracked 

Esso 

590 

40 

77 

34.7 

Cracked 

Esso 

130 

170 

22 

219.5 

None 

Esso 

20 

120 

17 

208.3 

None 

Esso 

200 

130 

26 

182.7 

None 

Esso 

in 

110 

15 

212.5 

None 

Esso 

80 

40 

61 

97.9 

Cracked 

Penola 

20 

10 

63 

85.9 

Cracked 

Penola 

220 

40 

75 

58.2 

Cracked 

Penola 

80 

10 

79 

54.1 

Cracked 

Penola 

W ADC  TR  54-190 
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TAbLc  46.  COMPRESSION  SET  AFTER  AGING 
IN  ESSO  TURBO  Oii.-15  AT  350  F 


Recipe 

No. 

Per  Cent  Age^  Permanent  Set 
Aging  Time,  hours 

After  Cure 

72 

168 

PA  16 

None 

92 

97 

Tempered 

74 

81 

PA-52 

None 

94 

96 

l emperel 

£4 

69 

Ingredients 

Recipes 

PA-16  PA-52 

Hycar  4021 

i00 

100 

Philblack  A 

- 

<0 

Hi-Sil 

<5.2 

- 

Stearic  acid 

1 

1 

Sulfur 

- 

r>  A 
U ,T 

Melhy!  Tucdi 

2 

1 

. t ,w,..y  Iwm. 

1.5 

2.1 

telromirte 


Cure:  30  minutes  ert  3 1 0 F. 
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TABLE  47 


SUMMARY  OF  COMPOUNDS 


Roc  ipo 
ha. 

Cure, 

min- 

ute* 

ot 

310  »- 

Troot  moot 
.After 
Cure 

Ori  ginoi 

Physic  ol 

Proport  its 

Physical 
1 urbo  O 

Properties  After  Aging  in 
il-15  72  Hours  at  350  F 

Tensile 
Stro  nqth, 
p*i 

Hardness, 

Elongation,  Shore 

per  c«*nt  1 A 

Ttnzile 

Strength, 

p*i 

E langati  on, 
por  cert 

Hardness, 

Shore 

A 

SWCII; 

per 

cent 

Crocking 

T y pa  of 
T urbo 
Oil 

PA-83 

30 

None 

2410 

470 

82 

1200 

330 

48 

45.3 

None 

Esso 

D A.ftC 

• " ViJ 

30 

None 

1080 

430 

85 

760 

80 

74 

35.4 

None 

Penola 

30 

Tempered  0) 

1260 

100 

93 

900 

80 

80 

28.6 

None 

Penoia 

PA-98 

30 

None 

1350 

710 

95 

900 

130 

75 

42.2 

None 

P eno ! 3 

30 

Tempered 

1820 

190 

100 

1100 

120 

75 

32.7 

None 

Penola 

PA-94 

30 

None 

1070 

490 

75 

550 

90 

64 

39.7 

None 

Penola 

30 

Tempered 

1180 

120 

85 

760 

80 

71 

32.7 

None 

Penoia 

PA-82 

15 

None 

1920 

260 

70 

750 

110 

52 

42.1 

None 

Penola 

30 

None 

1820 

230 

72 

870 

M0 

55 

39.7 

None 

Penola 

60 

None 

1940 

200 

73 

860 

100 

55 

39.1 

None 

Penola 

120 

None 

1920 

1GQ 

74 

820 

100 

58 

36.1 

None 

Penola 

PA-2 

30 

None 

1540 

350 

63 

640 

70 

57 

39.1 

None 

Esso 

PA-52 

30 

None 

1590 

300 

67 

670 

130 

52 

43.4 

None 

Penoia 

PA-88 

30 

None 

1560 

490 

64 

510 

90 

5‘j 

4Li 

None 

Penola 

( 1)  All  tempering  *■«  f a 7 hours  o?  350  F. 


Ingredients 

PA-2 

PA-55 

PA-82 

Hycor  4021 

100 

100 

100 

/."rylon  EA-5 

- 

- 

- 

Philblock  A 

40 

40 

40 

Philblock  O 

- 

- 

- 

Siiene  E F 

- 

- 

- 

Hi-Si  1 

- 

- 

- 

Flexol  R2H 

- 

- 

- 

Stearic  Acid 

1.0 

1.0 

1.0 

Methyl  Tuads 

2.0 

1.0 

1.0 

Triethylene  tetromine 

1.5 

2.1 

2,1 

Sulfur 

_ 

0.9 

0.9 

W ADC  TR  54-190 


Ports  by  Weight 

P A-83 

PA-88 

PA-94 

PA-95 

PA -98 

_ 

10O 

100 

100 

100 

ICO 

- 

- 

- 

- 

- 

40 

- 

- 

- 

so 

— 

- 

- 

- 

- 

58.3 

70 

- 

_ 

_ 

- 

75.8 

_ 

- 

- 

10 

1.0 

1.0 

1.0 

1.0 

1.0 

_ 

2.0 

2.0 

2.0 

2.0 

1.5 

1.5 

1.5 

1.5 

1.5 

1.0 

_ 

_ 

_ 

F-80 


HAYING  SEST  AGING  PROPERTIES 


Physical 
Turbo  Oi 

i'ropertinr  Aft*«  AVn in 
II-1S  165  Hours  at  350  F 

Physicol  Properties  After  Aging  in 
Turbo  Oil*  15  500  Hours  of  350  F 

Tens  if* 
Strength, 

P*i 

Elongation, 
p*r  cent 

Hardness 

Shore 

A 

Swell, 

per 

cent 

Crocking 

Type  of  Tensile 
Turbo  Strength, 
Oil  psi 

E longotion, 
per  cent 

fiord  ness 
Shore 
A 

Swell 

per 

cent 

Crocking 

Type  of 
T urbo 
Oil 

500 

230 

49 

42.6 

None 

Esso 

360 

no 

71 

27.2 

None 

Penola 

800 

90 

71 

37.6 

None 

Penola 

1001) 

100 

64 

42.7 

None 

Penola 

940 

80 

79 

30.8 

None 

Penola 

1240 

90 

72 

35.7 

None 

Penola 

840 

130 

7/ 

43.U 

None 

Tenola 

830 

200 

75 

44.7 

None 

Penola 

1010 

110 

77 

37.1 

None 

Penola 

940 

120 

60 

41.3 

Nine 

Penola 

580 

90 

64 

40.9 

None 

Penola 

82TI 

110 

57 

46.9 

Mnnc 

1 -MIV 

Peno'.a 

840 

90 

70 

33.9 

None 

Penoia 

970 

90 

65 

42.8 

None 

Penola 

400 

80 

56 

43.1 

None 

Penola 

550 

100 

47 

512 

None 

Penola 

460 

80 

58 

41.2 

None 

Penola 

620 

110 

50 

515 

None 

Penola 

560 

70 

59 

39.3 

None 

Penola 

600 

90 

S3 

52.2 

None 

Penola 

690 

70 

60 

40.3 

None 

Penola 

790 

110 

53 

4S.5 

None 

Penola 

640 

80 

51 

41.9 

None 

Esso 

53C 

100 

46 

50.2 

None 

Esso 

760 

130 

52 

45.2 

None 

Penola 

820 

150 

46 

55.4 

None 

Penola 

390 

80 

55 

44.4 

None 

Penola 

610 

120 

48 

58.7 

None 

0 nn/>  1 

1 WlfVlu 
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i 


I 

I 


1 


NOTICE:  WHEN  GOVERNMENT  Oil  OTHER  DRAWINGS,  SPECIFICATIONS  OR^THER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  a>3  IN  ANY  MANNER  LICENSING  xHE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT ‘MAY  IN  ANY"  WAY  BE  kELATED  THERETO. 
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